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GROWTH AND PHYSIOLOGICAL ENERGETICS OF TELEOSTEAN FISHES 
Studies p resen ted in the doc tora l thes i s w e r e d e s i g n e d t o 
present information on nutr i t ion, growth and physiological e n e r -
get ics of commerc ia l ly important spec ies of te leos tean f ishes 
( ca rps : Cirrhina mr iga l a , Cyprinus carp io , catfish : Ke te ropneus tes 
fossi l is and m u r r e l : Channa punctatus ). The work cent red on 
1) nutr i t ional and growth p a r a m e t e r s signifying the health and genera l 
wel l being of fish, 2) fate of d ie tary c a l o r i e s , 3) quanti tat ive a l lo -
cation of nutr ients for maintenance and body building and 4) bio-
chemical indicators of s h o r t - t e r m var ia t ions in growth r a t e . Rough-
ages and low-cost o r throw-away products both from an ima l and 
plant sources were incorpora ted in a r t i f ic ia l feeds . Po ten t i a l of 
many of the ingredients was encouraging. Different feed fo rmula -
tions were evolved and influence of a l t e red chemical quality and 
calorif ic value of diets on fishes was observed . Important p a r a -
m e t e r s used for evaluating dietary pe r fo rmance w e r e Instantaneous 
Growth Rate (IGR)^ Food Conversion Efficiency (FCE), P ro te in 
Efficiency Ratio (PER), Food Quotient (FQ) and the nucle ic acid 
prof i les . These p a r a m e t e r s var ied with protein intake. Relat ion 
of the ratio of maintenance /growth food with nu t r i t iona l quali ty 
was evident. RNA increased with increas ing d ie tary protein level . 
RNA/ DNA ratio seemed to be a sens i t ive indicator of nu t r i t iona l 
s ta tus and growth ra te of f ishes. A m o r e effective subst i tu te of 
mus ta rd oi l cake whidi is a conventionally used component of the 
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supplementary feeds for major carps was found out. The product 
was l inseed oil cake. 
Cost-effective m i n e r a l s o u r c e s and the l imi ts of their supple-
mentation in the diets have been explained. Addition of m i n e r a l s 
to feeds beyond 5. 5% was seen unneces sa ry . Supply of high p ro te in -
energy r i c h feeds to C i r rh ina mr iga la enhanced F C E , IGR, PER and 
percentage gala in body weight while reducing the FQ. Nutrient 
in ter re la t ions were complex and in teres t ing . Dietary ca rbohydra te 
and fat exerted spar ing action on prote in , thus allowing its d ive r -
sion for building and growing of body t i s s u e s . 
Response of RNA-DNA concentra t ions in C i r rh ina mr iga l a 
fry was basical ly different from that of adult . Resul ts implied a 
higher efficiency of RNA in protein biosynthesis at l a r v a l s t age , 
but did not indicate actual reduct ion in ce l lu lar DNA content by 
dietary manipulat ions. 
Meal of an insect pest of agr icu l tu re Hieroglyphus n i g r o -
reple tus was t r ied for the f i r s t t ime as a feed stuff for C i r rh ina 
mr iga la . Posi t ive r e s u l t s , with highest growth ra t e and convers ion 
efficiency signified the importance of the d ie tary formula t ions . 
Prote in poor- fa t r i ch diet declined the PER and the growth r a t e . 
RNA and RNA/DNA ra t io seemed d i rec t ly re la ted to growth r a t e . 
DNA maintained a r e c i p r o c a l re la t ion . 
Studies r evea led that the carp Cyprinus carpio p o s s e s s e d 
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higher capacity to digest and m * e use of plant p ro te ins r a t h e r 
than proteins from an imal s o u r c e s . F u r t h e r , d ie ta ry prote in 
level exceeding 20% failed to produce any favourable effect on 
growth. Increase in carbohydra te improvedprotein digest ibi l i ty 
and promoted growth. Feeding protein to sa t ie ty level did not 
nourish the fish inasmuch as a cer ta in pa r t pa s sed out without 
digestive hydrolysis and fish was depr ived of the r equ i r ed type 
of nutr ients which could have rep laced pro te in . Quali ty of 
die tary protein was no less important than the quanti ty. Best 
r e su l t s in t e r m s of IGR, F C E , percentage gain in body weight, 
PER were obtained in a modera te p ro te in-h igh ca rbohydra t e -
low fat diet. FQ va r i ed rec ip roca l ly v i s - a - v i s IGR, F C E , PER. 
The energy balance of the body was obse rved to be an impor tan t 
factor in ni trogen equi l ibr ium and util ization of d ie tary prote in . 
Physiologically important re la t ion exis ted between pro te in : 
energy ratio in the diet and ni t rogen me tabo l i sm in the fish body. 
In catfish Heteropneustes fossi l is IGR, F C E , PER and 
Liver Somatic Index (LSI) were found to bear s t rong re la t ions with 
protein intake and as in spec ies mentioned e a r l i e r the FQ gave a 
r ec ip roca l pa t tern . Level of protein in the a r t i f i c ia l feeds 
was a l tered to obtain opt imum level to work out its s ignif icance 
on growth and energy balance of the body. While t i s sue concen-
trat ion of RNA was direct ly re la ted to prote in intake, the DNA 
maintained a r e c i p r o c a l prof i le . The type of c a l o r i e s , r a t h e r 
- IV -
than the total amount of energy entering the body determined more 
effectively the nutritional status of the catfish. This -vrork confirms 
the utility of employing changes in nucleic acid concentrations in de-
termining short- term changes in growth of fish. It was worth noticing 
that the diet containing highest dietary protein level and resulting iii 
greater IGR and FCE did not produce an equivalent r ise in PER. Growth 
rate declined when protein level in diet was lowered without supple-
mentation with non-protein sources. Insufficient energy adversely 
affected growth over the range of nutrient intake examined. The signi-
ficance of RNA/DNA ratio as indicators of health stat us of fish was amply 
demonstrated. 
The limitations of excessive protein supply by way of artificial 
diet was clear from the nutritional trials involving murre l Channa 
punctatus. While high protein, exceeding fish's requirement reduced 
FCE, IGR and PER, the increasing carbohydrate levels in diet maxi-
mized the arnount of protein utilized for growth rather than for energy 
requirement of the fish' Supplementation of lipid neither improved 
protein utilization nor growth. The nucleic acids responded to 
dietary alterations but the pattern of changes did not remain the 
same over the whole range studied. 
Data collected during the course of investigations brought 
to light some very important facts on physiological energetics and 
underlying processes of growth in fishes. Fur thermore , the results 
indicated the potentiality of throw-away or cost-effective products 
in producing good quality food for human consumption. 
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GENERAL INTRODUCTION 
GENlRiL INTRODUCTION 
To meet t h e g rowing demand of f i s h e r y p r o d u c t s , p r i m a r i l y 
f o r hum;an n u t r i t i o n , a q u a c u l t u r e i s emerg ing as a f o r m i d a b l e 
a n i m a l i n d u s t r y . I m p r o v i n g d i e t a r y s t a n d a r d s t h r o u g h p r o d u c t i o n 
of a n i m a l p r o t e i n i s a r e c o g n i z e d t h r u s t a r e a of r e s e a r c h . P i s h e s 
r a n k f i r s t amongst t h e c u l t u r e d a n i m a l s a s f a r a s p r o t e i n y i e l d 
p e r u n i t food i n t a k e i s c o n c e r n e d . B e i n g p o i k i l o t h e r m i c , f i s h e s 
expend l e s s e n e r g y i n t h e r m o r e g u l a t i o n compared t o warm b l o o d e d 
farm a n i m a l s where a m a j o r p a r t of f e e d e n e r g y se i*ves t o g e n e r a t e 
body warmth a t l o w e r t e m p e r a t u r e ( T a n n e r and S c h m i d t b o m 1 9 7 0 ) . 
A c c o r d i n g t o Van Es ( 1 9 8 3 ) a l l homeotherm fa rm a n i m a l s h a v e a 
h i g h r e q u i r e m e n t f o r m a i n t e n a n c e , p a r t i c u l a r l y f o r e n e r g y . I n 
t h e d a i r y c a t t l e t h i s r e q u i r e m e n t equa l s t h e e n e r g y n e e d e d f o r 
p r o d u c i n g 12 Kg m i l k . Growing p i g s , v e a l c a l v e s and cow of 300 Kg 
o r more u t i l i z e abou t 4 0 , 40 and 60^ of t h e t o t a l f e e d f o r m a i n -
t e n a n c e , r e s p e c t i v e l y . I t i s a l s o known t h a t y i e l d p e r xini t 
l a b o u r i n p u t i n a q u a c u l t u r e e x c e e d s t h a t i n o t h e r l a b o u r i n t e n s i v e 
e n t e r p r i s e s such a s ^^ou l t r y , d a i r y , p i g g e r y , e t c . T h e r e a r e no 
s u c h r e q u i r e m e n t s oi s h e l t e r and d a i l y w a s t e d i s p o s a l a s a r e 
s e e n i n d o m e s t i c a t i o n of l a n d a n i m a l s . The c o s t of r u n n i n g a 
f i s h f a r m i s c o m p a r a t i v e l y l o w e r . The m a r g i n of s u c c e s s d e p e n d s 
on t h e t e c h n o l o g i c a l s k i l l a p p l i e d , m a r k e t v a l u e and w i s e u s e of 
t h e a q u a f o o d . S u p p l e m e n t i n g t h e n a t u r a l food by a r t i f i c i a l d i e t 
i s par t icular ly essential for be t te r returns in ponds poor in 
productivity of natural food items. I t enables more economic 
gains from high stock dens it- culture, •iuet (1972) is of the 
view that excretory wastes of fish population and the unused 
a r t i f i c i a l feed act as excellent manures and increase the pro-
duction of natural food items. In conventional "arp culture 
the proportion of natural food and a r t i f i c i a l feed i s ideally 
50:50. Feeding t r i a l s , however, show that carps thrive fa i r ly 
well if maintained exclusively on a r t i f i c i a l l y formulated diet 
in the form of dry concentrates. ^ATiatever may be the proportion 
of a r t i f i c i a l feed i t i s certain that the p ro f i t i b i l i t y of a r t i -
f i c i a l feeding depends on the type of diet supplied. The compoun-
ded die ts with high acceptabili ty to f ish, d iges t ib i l i ty and 
conversion value give be t te r r e su l t s . In the developing world 
the predominant problem is one of producing additional animal 
proteins. In these countries where the population density is 
very high, competition for food occurs between man and animals. 
Of course mankind gets pr ior i ty and the mimals suffer. While 
most of the livestock are supplied conventional foodstuffs l ike 
o i l cakes and meals fishes being more ve r sa t i l e in t h e i r feeding 
subsist well on non-conventional products. Evidently, fish 
nut r i t ion i s not merely a subject of academic importance insofar 
as the data on th is aspect are badly needed for improving the 
production of human food from animals. Results of the present 
study unambiguously indicate the potential of throw-away or 
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cos t - e f f ec t ive products in turning out super ior and priced food 
for human beings. A r t i f i c i a l feeding in p i s c i c u l t u r e furnishes 
a means of upgrading the low grade products . The s t eep r i s e in 
the cost of balanced r a t i o n has h i t some cu l tu re systans and 
point to the need of u t i l i z i n g the roughages and the recycl ing 
of so -ca l l ed wastes to run f i s h farms. A survey of l i t e r a t i i r e 
bears witness to t h i s quest fo r cos t - e f f ec t i ve s u b s t i t u t e s by 
which to formulate balanced d i e t s which are r ich in p ro te in and 
can meet t he nut r ien t requirements of the body. One should not 
underest imate the present and future need for food as well as 
g lobal problems of food d i s t r i b u t i o n which aquacul ture can 
a l l e v i a t e to some extent . What i s important i s to work t o 
maximize sustained production of h igh-qua l i ty food. 
In order to determine whether a p a r t i c u l a r species can be 
grown economically one must know i t s feeding habi t and n u t r i t i o n a l 
requirements and the cost of sa t i s fy ing the same. Fish show a 
remarkable a b i l i t y to control body composition and to d iges t and 
u t i l i z e widely different kinds of food ma te r i a l s . The stomach 
of f i s h i s general ly more ex tens ib le and thus permits them to 
gorge themselves with food. This c h a r a c t e r i s t i c i s marked in 
carnivorous f ish but not so ~n o t h e i s . Carnivorous species are 
sometimes able to reduce costs by taking advantage of inexpensive 
foods or a source tha t i s par t of food pyramid such as the t r a s h 
f i s h . Pish which t h r i ve on food at lower leve l of food chain 
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(or pyramid) prove to be more economical because the energy l o s s 
at t ransformation level i s lower and fur ther t he food items on 
which they subsis t grows at t h e expense of economical i n g r e d i e n t s . 
A bas ic premise in any in tens ive cu l tu re syston i s to 
maximize growth at minimum cos t , with an end product t h a t i s of 
high n u t r i t i v e value and a e s t h e t i c a l l y acceptable to the consumer. 
Most of the recent work has been d i rec ted towards f inding low-cost , 
r e ad i l y ava i lab le raw ma te r i a l s as p ro te in sources for f i s h d i e t s . 
Inf luence of d ie t and pr? a v a i l a b i l i t y on a v a r i e t y of f i s h e s 
have been documented by Pa-Oheimo and Dickie (1966a), Clady (1974), 
Lewis e t a l . (1974), Ghodorowski (1975), Shelton e t a l . {1919), 
Timmons e:t a l . (1980), Fol tz et a l . (1982) and Tacor et a l . (1983). 
Joseph (1981) subs t i tu ted chicken droppings as a feed ingredient 
and obtained pos i t ive r e s u l t s . Amongst the var ious meals fed to 
salmon fry best performance and feed eff ic iency was obtained with 
earthworm powder (Akiyama et^  a l . 1984). Soicokhovalova et_ a l . (1982) 
reported economic v i a b i l i t y by feeding sturgeons low value minced 
f i s h . Appreciable r i s e in e f f ic iency occurred in t rou t fed blood-
fea the r meal (Schulz et^  a l . 1982). Good r e s u l t s have a l so been 
obtained with frozen zooplankton fed to sea bream l a r v a Sparus 
aura tus (Kentouri et 1. 1981). Feeding beef ta l low to T i l ap i a aurea 
Stickney and HcGeachin 1034), r i c e pol i sh and groundnut oilcalce 
to Indian major carp, Cirrhina mrig al a (Sen ejb a l . 1980) gave 
promising r e s u l t s . Teshima e_t a l . (1984) reared milkf ish 
Chanos chanos on purif ied d i e t s containing 35% casein and 15^ 
g e l a t i n as prote in sources . Karossi et a i . (1983) worked out 
chemical composition of p o t e n t i a l Indonesian agro Indus t r i a l 'irid 
a g r i c u l t u r a l waste ma te r i a l s fo r animal feeding:. De Silva and 
Weerakoon (1981) determined the response of grass carp fry 
provided a mixtu.re of coconut meal and zooplankton. Grropp 
et a l . (1982) evaluated the eff ic iency of rapeseed, lupine and 
f i e l d bean in t rou t d i e t a t 5 to 20^. 'n/hile the l a t t e r two can 
be used upto 20^, the increase in rapeseed proport ion declined 
the growth ra te and feed conversion e f f i c i ency . Tath _e_t a l . (1980) 
demonstrated the high n u t r i t i o n a l qual i ty of i n t a c t animal mate r i a l 
in d i e t s through Instantaneous Growth Rate, Prote in Efficiency 
Ratio and overa l l weight ga in . L i t e r a t u r e survey ind ica tes the 
need for evaluat ing d i f fe ren t feeds for procurement of more oro te in 
from low-cost raw ma te r i a l s . The da i ly feed intake is va r i ab le and 
fo r a given species i t w i l l depend on the mass ingested and the 
r a t e of processing (Bre t t 1971). Works of Bre t t and Shelboum 
(1975) and Reddy and Shakuntala (1979) reveal the importance of 
feeding leve l in n u t r i t i o n a l s t u d i e s . 
Temperatixre i s an i n f l u e n t i a l f a c t o r . Recent work i nd i ca t e s 
a d i r e c t r e l a t ionsh ip between environmental temperature and quan-
t i t a t i v e protein requirements (Delong £ t a l . 1958; Kelso 1972; 
Weatherley et a l . 1979; Wandsvik and Jobling 1982). That the 
temperature influences the amount of food consumed has been 
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ascer ta ined by Hathaway (1947), Baldwin (1956), Bridges (1961) 
and Mollah (1984). 
Studies on f i sh n u t r i t i o n and b ioenerge t i cs are c lose ly 
r e l a t e d . Physiological energe t ics concerns the r a t e s of energy 
expendi ture , losses and ga ins , and the e f f i c i enc i e s of energy 
t ransformat ion, as funct ional r e l a t i o n s of t he whole organism. 
Pish , l i k e other l iv ing systems must conform to the laws :;i 
thermodynamics. Pish gain matter and energy as fooa, and they 
loose absorbed matter and energy as a r e s u l t of catabolism (which 
provides energy for maintenance and a c t i v i t y ) . At any moment in 
t h e i r l i f e the energy expenditure may be e i t h e r g r ea t e r or l e s s 
than the energy content of t he food #iich the f i she s consume. 
This r e s u l t s in e i the r an ove ra l l l o s s , or an ove ra l l gain in 
energy. Bioenerget ics i s the study of the balance between energy 
supply in the food and energy expenditure and requ i res an examination 
of the physiological processes by which energy is transformed in to 
l i v ing organism. If body mass i s to be maintained absorbed d i e t a ry 
energy (exogenous soiirces) must equal the energy loss for maintenance 
and a c t i v i t y . When exogenous sources exceed these requirements, 
growth can occur from the deposi t ion of matter, which for f ish is 
l a r g e l y p ro te in . Growth requ i res energy inputs , both as the new 
component of the t i s sue i t s e l f and t o sus ta in t h e anabolic processes 
leading to the e laborat ion of the new t i s s u e comnonents. Successful 
f ish cu l t u r e depends upon the provision of d i e t s containing an 
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appropr ia te balance of n u t r i e n t s and adequate energy to permit 
the most e f f i c i en t growth of f i s h . 
The u t i l i z a t i o n of a l l t he d i e t a ry components depends upon 
the l e v e l of intake and the make-up of t he d i e t . In e f f ec t , both 
the qua l i ty and quant i ty of the d ie t influence t he metabolic 
p a r t i t i o n of the components between s torage and catabolisra as 
f u e l s . Young growing animals requi re more energy per un i t weight 
than mature animals. The inges t ion of food increases metabolic 
r a t e as a consequence of e x t r a work due to the inges t ion , d iges t ion 
and u t i l i z a t i o n of the food. The energy demand must be s a t i s f i e d 
before the body uses food for bui lding and maintenance, or regu-
l a t i o n . Total energy deiraad and consequently the necessary 
quant i ty of dietarj^ energy required depends on the spec ies . But 
i t i s also t rue that al though the composition of t h e d i e t may 
d i f f e r , the ac tua l energet ic qua l i ty may be s i m i l a r (Keast and 
Eadie 1985). Estimates of energy requirement should as f a r as 
poss ib le be based upon est imates of energy expendi ture , wbether 
ac tua l or des i r ab le . Energy requirement has been defined as the 
amount needed to maintain hea l th , growth and an appropr ia te l eve l 
of physical a c t i v i t y . 
The importance of energy is evident fiwm the fac t t h a t an 
organism without an energy s torage capacity i s constant ly depen-
dent unon energy flow from i t s food resource for su rv iva l ; a' ^ 
s ign i f i can t in te r rup t ion wi l l resixLt in death (Mackinnon 19' '?)-
8 
Animals tend to eat to s a t i s f y t h e i r energy demands. The c a l o r i c 
content of t he food wi l l alsf affect t h e s i z e of da i ly r a t i o n 
(Mayer 195 , Rozin and Mayer ^.961). Studies on energe t ics have 
been cor icted on var ious aspects namely, body weight and tempe-
r a tu r e (Niimi id Beamish 197^: Micropterus salmodes); e f fec t s of 
d i e t a ry energy leve l and d ie t a ry energy source on growth, food 
conversion efficiency and body composition (Adron _e_t al.. 1976: 
Scopthalmus maximus, L . ) ; energy u t i l i z a t i o n ( P h i l l i p s 1969); 
energy costs a t d i f ferent l eve l s of feeding (Soofiani and Hawkins 
1982;Gadu3 morhua); energy metabolism ( E l l i o t 1976, Mil ls and 
Forney 1981, Ghekmaova and Nanmov 1982, Beamish and Legrow 1983, 
Vet te r et_ ^ , 1983). Ketabolizable energy taken in as food which 
i s not d i ss ipa ted at heat i s r e ta ined within the body in the form 
of new t i s sue elemenc^ . In growing animals par t of the re ta ined 
energy i s s tored as p ro te in and par t as f a t . In almost a l l cases 
r e t en t i on of energy and the depos i t ion of new t i s s u e r e s u l t s in 
an increase i n the weight of the animal; and the weight gain of 
a yotmg animal i s usual ly a r e l i a b l e i nd i ca to r of the adequacy 
of the n u t r i t i o n a l and management regimes. The energy cost of 
growth includes two components:the energy value of t i s s u e or 
product formed and the energy cost of synthesi'^i i^ r^  i t . The t o t a l 
cost w i l l , therefore , depend uTjon th r composition J the product . 
I f the intake i s e i t h e r above or below requirement, a 
change in body energy s t o r e s i s to be expected unless energy 
expenditure i s correspondingly a l t e r e d . If changes in energy 
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expenditures do not occur, the energy store, mainly in the form 
of adipose tissue, will increase when the intake exceeds require-
ment and decreas : , when it is below requirement. Contrarywise, 
if more body protein is ingested than is needed for metabolic 
purposes, essentially the excess is metabolized and the end 
products are excreted, since protein is not stored in the body 
in the way that energy is stored in the adipose tissue. Thus 
there are important physiological differences between require-
ments for energy and protein. For energy, it is usually consi-
dered that once a level of body weight and physical activity has 
been fixed and the appropriate growth rate defined, there is only 
one level of intake at which energy balance can be achieved. The 
processes of protein synthesis and possibly of breakdown (turnover) 
require soixroes of dietary energy and are thus sensitive to energy 
deprivation. Consequently, the energy balance of the body becomes 
an important factor in determining nitrogen balance and influences 
utilization of dietary protein. It is known that the utilization 
of dietary protein is influenced by energy intalce and notably by 
energy bal'-ice (Calloway 1^54, 1975 as quoted from wHO technical 
report 1985, Munro 1951 as quoted from WHO technical report 198"^  
and Munro I964). It has been demonstrated by Garza (1976 as 
quoted from V/HO technical report 1985) and Iyengar (1979, 1981 
as quoted from WHO technical report 1985) that at any given 
level of dietary protein, addition of energy improves nitrogen 
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balance u n t i l the response reaches a p la teau , which reprevsents 
the l im i t a t i ons imposed by d ie ta ry r^rotein l e v e l . The effect 
of energy balance can be extented fur ther by r a i s i n g the pro te in 
i n t a k e . The influence of energy balance on ni t rogen equil ibrium 
extends from suboptimal up to excess l eve l s of energy Intske so 
tha t any change in energy intake above or below the f i s h s ' Meed 
i s l i k e l y to influence i t s ni t rogen balance. Mitchel l (1934) 
commented tha t when properly balanced with other foods, d i s t i n c t i v e 
n u t r i t i v e proper t ies of an individual foodstuff would be e n t i r e l y 
submerged in a r e s u l t a n t optimum combination, and except for the 
d i f ferences in d i g e s t i b i l i t y t he net energy value of a l l pe r fec t ly 
balanced ra t ions i s the same under same condit ions of feeding. 
Various authors have worked on the ef fec t of d i f fe ren t p ro te in 
and energy l eve l s on the conversion eff ic iency in f i shes (Shlmeno 
et a l . 1980; Eckhardt ejt a l . 1981, 1983; Takeuchi et_ a l . 1981a,b; 
EL-Dakour 1982; El-Dakour and Khamis 1982; Schwarz et_ a l . 1983; 
Z e i l l e r je_t a l . 1983). The pro te in requirement i s t i ed to the 
gerie:-al energy requirement at a given water temperature and the 
f i s h ' s a b i l i t y to gain weight, at i t s inherent capr u t y . Some 
workers (Reini tz _et a l . 1978; Takeuchi et^  aJL. 1979 ; Watanabe 
et a l . 1979) have expressed d i e t a ry pro te in l e v e l s as t h e 
r ec ip roca l of the prote in:energy r a t i o ; i . e . , the energy content 
per \anit weight of p ro te in , but t h i s can not be recommended for 
genera l use s ince i t impli? • t ha t food intake i s regulated by 
monitoring d ie ta ry prote in r a t h e r than d ie ta ry energy con t ro l . 
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Phillips (1969) has suggested that 70^ of dietary calories in 
trout feed is from protein, thus a greater percentage of dietary 
protein is metabolized for energy rather than utilized for body 
protein synthesis. Piatt e;t al_. (1961 as quoted from WAO technical 
report 1985) were largely responsible for the introduction of ratio 
of protein energy to total energy as a convenient and useful des-
cription of one aspect of dietary quality in human nutrition. It 
must be recognized that the concentration of all necessary nutrients 
should be considered while assessing the adequacy of a particular 
diet. It is inappropriate to consider protein and energy alone. 
Ultimately, the object of studies on dietary protein/energy rela-
tionships is to obt'^ .in estimates of the concentration of protein 
relative to that of energy, which could be recommended for diets 
designed to allow rapid growth. Digestibility aopears to be the 
most important factor determining the capacity of the protein 
sources on a usual mixed diet to meet the protein needs. The avai-
lable energy of a food determined as intake minus losses, is not 
the same as its tnie digestibility. The actual digestibility can be 
approximai^ed by measuring the feacal energy loss in the absence 
of food (endogenous loss) and subtracting the value from the 
feacal loss in the presence of food. The effectiveness of diets 
formulated upon the basis of the digestibilities of the nutrients 
and energy in the component feeds can be evaluated by observing 
weight gain, feed efficiency and body composition of fish receiving 
the diets under particular culture regimes. The digestible energy 
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content of a d ie t w i l l vary depending on i t s composition and the 
t e s t species used in the d i g e s t i b i l i t y t r i a l . Differences in 
d i g e s t i b i l i t i e s may a r i s e from i n t r i n s i c d i f fe rences in the na ture 
of food pro te in , the presence of other d ie ta ry f ac to r s which 
modify d iges t ion , and chemical r eac t ions tha t a l t e r the r e l e a s e 
of amino acids from proteintj by enzymatic processes . The d iges -
t i b i l i t y coef f ic ien ts most commonly applied a re 90^ for p r o t e i n , 
85jj for l i p i d and 40^ for carbohydrate ( P h i l l i p s 1972). Fac tors 
a f fec t ing the d i g e s t i b i l i t y must be examined in order to assess 
the degree of e r ro r l i k e l y to be introduced by use of ' s t anda rd ' 
d i g e s t i b i l i t y coe f f i c i en t s . Fat d i g e s t i b i l i t y values fo r rainbow 
t r o u t Salmo gai rdner i range from 61 to 97% depending upon the 
source of the fat (Cho and Sl inger 1979) and a range of 76 to ^7% 
d i g e s t i b i l i t y for various f a t s has been reported for channel 
ca t f i sh I c t a lu rus punctatus (Lovell 1977). In add i t ion , the 
a b i l i t y of channel c a t f i s h to digest f a t appears to be influenced 
by temperature and the l eve l of fa t in the d ie t (Andrews et_ a l . 
1978). The d i g e s t i b i l i t y of carbohydrate has been shown to vary 
with the complexity, source, t reatment aad l eve l of inc lus ion in 
the d ie t (Sin^h and Nose 1967, Smith 1^71, Cowey and Sargent 1972, 
' h i l l i p s 1972. Lovell 1977, "ro and Sl inger x:)79). In add i t ion , 
uhere are i n t r a s p e c i f i c d i f ferences i n the a b i l i t i e s of f i sh to 
d iges t and absorb carbohydrates. D i g e s t i b i l i t y of p ro te in v a r i e s 
considerably depending upon the source, e . g . : p r o t e i n d i g e s t i b i l i t y 
values of 40-96^ were reported for var ious sources fed t o rainbow 
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t r o u t (Gho and Slinger 1979, Jobling 1983). Austreng and 
Ref s t i e (1979) compared di f ferent fami l ies of rainbow t r o u t s and 
found remarkable differences in dx;7es t ib i l i ty of p ro te in , when 
d ie ta ry protein level was below 30X. These d i f fe rences diminished 
when d ie ta ry protein l eve l was increased. Fur ther i nves t i ga t i ons 
are necessary to c la r i fy the extent to which non-nitrogenous feed 
components affect the d i g e s t i b i l i t y of p ro t e in . Whereas s ta rch 
was found by Inaba et_ al_. (1963) and Kitamikado ejb a l . (1964b) to 
re tard prote in d i g e s t i b i l i t y , no such effect was found by Rychly 
and Spanhof (1979). Dietary fa t seems to have no inf luence on 
d i g e s t i b i l i t y of prote in (Kitamikado et^  al^. 1964a,b) . 
Growth of f i sh i s d i r e c t l y dependent on the in take and 
balance of the 10 indispensable amino acids contained in the 
p ro te in component of t h e d i e t (Halver et al_^ 1957, 1959; Harper 
1958). When only one or two amino acids a re used to supplement 
a p ro te in , then these amino acids w i l l be ass imila ted much more 
rap id ly by the fish than those l inked by pept ide bonds in the 
body pro te in . i?uture improvements in f i sh d i e t s w i l l stem from 
in t eg ra t i on of economica.lly ava i l ab le amino acid sources. I t 
should be known tha t p ro te in genera l ly c o n s t i t u t e s the bulk of 
the d ie t and i s usual ly the most expensive component to supply. 
According to Gowey (1975) d ie ta ry pro te in leve l i s not very 
d i f fe ren t for a number of spec ies and a value of AOX would cover 
most spec i e s . However, De Si lva and Perera (1985) observed 
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c o n s i s i t e n t l y b e t t e r growth of young Ti lap ia n i l o t l c a on 28-30% 
pro te in d i e t s . Differences in the nutrD.tionaL value of food 
p ro te ins were recorded even a' high protein intake (Ogino and 
Chen 1973, Cowey et a l . 197^ . Gowey 1975). These d i f ferences 
must be due to the g r e a t e r r-;qiiirement of amino ac ids by f i s h . 
When growth i s occurring, not only is the re a net deposi t ion of 
p r o t e i n , but the r a t e s of both synthes is and breakdown are increased 
(Millward ^ a l . 1975 as quoted from WHO techn ica l report 1985; 
Golden et^  a l . 1977 as quoted from WHO technica l repor t 1985; 
Pencharz _e_t a l . 1977 as quoted from WHO technica l repor t 1985). 
The r a t e s of turnover vary from t i s s u e to t i s s u e , and the r e l a t i v e 
cont r ibu t ions of d i f fe ren t t i s s u e s to t o t a l p ro te in turnover change 
with age and adaptat ion to var ious l e v e l s of pro te in in take 
(Waterlow 1968 as quoted from TOO technica l r epor t 1985; Young 
et a l . 1968 as quoted from WHO techn ica l report 1985; Uauy _ejb a l . 
1978 as quoted from WHO techn ica l repor t 1985). The amino ae ids 
re leased by breakdown are a l loca ted for pro te in syn thes i s . The 
da i ly turnover of body p ro te ins i s in fac t several fold g r e a t e r 
than the amino acid in take , showing t h a t the u t i l i z a t i o n of amino 
acids i s a major contr ibutory fac tor t o the economy of p ro te in 
metabolism (Waterlow 1978). Elaborate work on prote in requirement 
has been carr ied out on g i l thead bream Qhrysonhrys aura ta (Sabant 
and Luquet 1973)f young ayu Plecoglossus a l t i v e l i s (Aral and 
Nose 1983), channel ca t f i sh I c t a l u r u s punctatus (Lovell 1972), 
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a r c t i e charr Salvelinus a lpinus (Jobl ing and Wands.rik 1985), 
sockeye salmon and rainbow t r o u t (Halver e^ a l . 1964) and T i l ap ia 
n i l o t i c a (Santiago _et a l . 1981). Fur ther , p ro te in u t i l i z a t i o n , 
d iges t ion and requirement have gained importance in the ,-ork:3 of 
Delong e t a l . (1958), Ogino and Sai to (1970a, Nose (1971), Nose 
and Aral (1972), Mercy (1976), Murray et a l . (1977), Daorowski 
and Dabrowska (1981), Jauncey (1982), Mi l l i k in (1982a,1983), 
Pfef fer (1982), Pauconneau (1985) and Fauconneau et a l . (1986). 
Prote in metabolism con t ra s t s with carbohydrate and fat 
metabolism in tha t when a s u r f e i t of p ro te in i s ingested t he r e 
i s no form or organ in which p ro te in may be s tored in major 
q u a n t i t i e s . The act^aal task of the Drot ein is to bui ld UD the 
body's own protein substance. In t h i s function they may be 
replaced by no other nu t r i en t and they are v i t a l for the body. 
Muscles, organs and blood cons is t e s s e n t i a l l y of p ro te in . I t i s , 
t he r e fo re , understandable tha t e spec ia l ly t h e young ox'ganism which 
i s s t i l l growing has a high pro te in requirement. Quality and 
quant i ty of die tary p ro te in s t rongly inf luence growth r a t e of 
f i s h e s . Increase of d i e t a r y l i p i d proport ion in the d ie t has 
been shown to spare some d i e t a r y pro te in from energy u t i l i z a t i o n 
for use in growth (Mil l ik in 1982b). Reduced cost of d i e t s may 
occur i f some l i p i d can be replaced with carbohydrate on a gram-
for-gram bas i s without l o s s in p ro te in sparing ac t ion (Mi l l ik in 
1983). 
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A fairly good number of experiments indicate that although 
the major percentage change in the body components occurring 
during growth involve water and lipid in a way that reflects an 
inverse relationship between them, protein can change in a pattern 
that is related both to lioid and to water (Brett _et al. 1969; 
Groves 1970; Love 1970; McGomish 1974; Elliot 1976; Craig 1977). 
Such interrelations in biochemical comoonents have been elaborated 
in this thesis. 
The unprecedented interest in protein synthesis is the 
result of rapidly advancing knowledge of the chemistry and metabolisn 
of nucleic acids. It is just appropriate that reviews on nucleic 
acids bear mention of protein biosynthesis. Nucleic acids contain 
the necessary information to direct the synthesis of new and gene-
tically specific protein. DNA manifests its genetic function 
primarily by carrying the information for determining the amino 
acid sequence in the various proteins of the cell. The code for 
the determination of the sequence is represented by non overla-
pping nucleotide triplets in the DNA molecule. The DNA's message 
is carried to the cytoplasm by mescenger RNA (m-RNA) and protein 
synthesis is executed by involvement of ribosomal RlIA ( r-RITA) and 
transfer RNA (t-RNA). The formation of m-RNA from DNA -s called 
'transcription' whereas the term 'translation' is a.polied for the 
process ultimately leading to the production of nolypentide chains. 
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Studies on fish nucleic acids show a definite relationship 
between RNA, DNA and growth rate. Growth is accompanied by an 
increase in RNA and a decrease in DNA. Earlier investigations 
by Leslie (1955) and Bulow (1970) leave no doubt that RNA concen-
tration reflects the level of metabolic functions of a tissue. 
Since DNA is normally located in the nucleus and is 'oresent in 
constant amount in each diploid somatic cell, it is evident that 
the concentration of DNA per unit weight will be high in tissues 
with little cytoplasm and extracellular material and low when their 
proportions are relatively larger (Leslie 1955). Although variations 
in actual amount of DNA in the individual somatir cell can not 
entirely be ruled out, the differences that occur in the DNA concen-
tration, can, be attributed to other factors such as the number of 
cell/imit weight of tissue and polyploidy. Tissues with larger 
number of cells in a given weight and with higher degree of ploidy 
are known to yield greater concentrations of DNA (Leslie 1955; 
Mustafa 1978). Vendrely (1955) documented that frequency of 
polyploid cells and degree of polyploidy of individu,al cells in 
a tissue are related to metabolic activity. Accordlr^ to Love 
(1970) when fish doubles its body length the number of cells are 
halved and '''•^. DNA concentration is also expected to reduce 
similarly. This is so because growth in body length of fish is 
known to proceed through increase in the sizes of muscle cells 
rather than their number. Besides this the depletion of cellular 
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cons t i t uen t s i s a lso understood to cause shrinkage of the c e l l s 
(Love 1970), which in tu rn br ings the c e l l nuc le i in to g r e a t e r 
proximity. Therefore, i t i s qu i t e l og i ca l to expect t h a t the 
increase in the concentrat ion of nuc le i ( the s to re houses of DNA) 
also increases the DNA concentra t ion per unit weight of the t i s s u e . 
From the foregoing discussion i t becomes evident tha t a l t e r a t i o n s 
in DNA concentration in a given weight of t i s s u e cf^ n be vised to 
provide information about changing masses of c e l l s , and can be 
applied for determining t h e degree of deple t ion suffered by the 
body t i s s u e s under var ious condi t ions such a? matarat ion and 
f a s t i n g . Ea r l i e r inves t iga t ions (Hawk _et^  al_. 1954-, Hotchkiss 1955, 
Les l i e 1955, West and Todd 196'3) documented thab the quaxitity of 
OKA in ii idividual c e l l s does not ac tua l ly change vfith chan^ ^^ e^s in 
physio logica l s t a t e s l i ke feeding, f a s t i n g , e t c . Perhaps some 
synthes i s of DNA occurs during growth of muscle c e l l s . Indeed, 
t h i s DNA synthesis in the c e l l may be a necess i ty to control the 
increas ing amount of cytoplasm during growth in c e l l volume (Love 
1953). Since cytoplasm i s the s i t e of profound tur-novers of 
var ious metabolic substances, i t may be poss ib le t ha t the process 
of deplet ion during m.aturation bes ides af fec t ing the other organic 
and inorganic subvStances of the ce l l s does not spare the RITA. 
Observations of Brachet (1955), L e s l i e (1955) and Bulow (1970) on 
the decl ine of RNA during s tar \ ra t ion and increase during feeding, 
esr iecial ly the protein r ich d i e t s , emnhasized tha t food depr iva t ion 
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which accompanies maturation of f i sh exer t s the most "Dowerful 
inf luence upon the concentrat ion of RNA in the t i s s u e . inasmuch 
as the RITA concentrat ion of t h e body t i s s u e s i s known to be 
r e l a t e d to the axaount of food in take (Lesl ie 1955), the increase 
in the concentration of HNA during growth of f i sh appears to be 
the r e s u l t of increas ing consumption of the food. The increase 
in food u t i l i z a t i o n during growth in ea r ly l i f e i s necessary to 
meet t h e enhancing metabolic demands of the f i sh . Insofar as 
the period of most rapid growth of f i sh occurs in the pre-matur i ty 
s t age , the increase in the l eve l of RNA i s an absolu te neces s i t y 
for an ac t ive prote in syn thes i s vdiich i s mainly respons ib le fo r 
accomplishing the f ish growth (Bulow 1970). A major advantage of 
RNA measurement i s t ha t i t could be used t o a s se s s growth r a t e 
occurr ing at a given t ime and would not neces sa r i l y requ i re 
per iod ic measurements to compare l e v e l s and de tec t changes. In 
rap id ly growing organisms, RNA q u a n t i t i e s are high. Any fac tor 
tha t prevents or slows growth i s re f lec ted by a reduction in RNA 
(Buckley 1979, 1982, 1984; Martin et_ a l . 1985). Temperature 
inf luences concentrat ion of t h i s nuc le ic acid (Buckley 1982,19^4; 
Buckley _et aJ.. 1984). Goutant (1985) found out for young juveni le 
an optimum temperature of 26 C. Buckley (1980) has shown tha t as 
long as n u t r i t i o n a l requirements are met, the RNA-DNA r a t i o 
increases with temperature u n t i l th'- thermal ootimum i s a t t a i n e d . 
Lowering environmental temperature may af fec t feeding a c t i v i t y or 
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cause a decrease i n p ro te in a s s imi l a t i on eff ic iency of the body 
to a l eve l unmatched by i t s mobi l iza t ion . Since the amount of 
DNA i s constant per c e l l vrithin a species the r a t i o of RNA to 
DNA i s ind ica t ive of the amount of RFA per c e l l (Hotchkiss 1955). 
This r a t i o i s considered a more accura te index of metabolic 
a c t i v i t y than MA concentrat ion alone inasmuch as i t i s not 
affected by di f ferences in c e l l numbers. Ind iv iduals with high 
RFA-DNA r a t i o s can be imagined to ac t ive ly synthes ize and accu-
mulate prote in and grow fascei han the ones with low r a t i o s and 
s tunted growth. Buckley (197^' ) expressed tbe view tha t though 
the RI^ IA-DNA r a t i o s r e f l e c t the ,..ast feeding: l eve l s of f i sh , these 
are in fact t o some extent determined by th ; pre-sampling n u t r i -
t i o n a l s t a t u s i t s e l f , but i t can not be said with g r ea t e r c e r t a i n i t y 
wheth • •'.he effect of n u t r i t i o n a l success on growth r a t e i s a c t u a l l y 
mediated r^ :-' simply accompanied by a change in RNA:MA r a t i o . Bulow 
(1970/ demonstrated t h a t quan t i t a t i ve determination of RNA and DNA 
can be used as biochemical i nd i ca to r s of growth of f i s h e s . That 
RNA:DNA r a t i o and growth r a t e are s ign i f i can t" T cor re la ted has 
been evaluated by various authors (Bulow Iw. , 1974; Haines 1973; 
Satomi 1978; Wilder and Stanley 1983). The R- A:DNA r a t i o provides 
an ind ica t ion of how well a f i sh i s feeding, synthesizing pro te in 
and presumably growing at the time of sampling. I t is necessary 
to understand the i n t e r n a l environment of the f i sh before applying 
the RNA/'DNA rati.o method for i t s conventional purpose. Bouohe(l975) 
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has reported decrease in l e v e l s of messenger, t r a n s f e r and ribosomal 
RIJAs in carp l i v e r during winter . Evidently, the l i t t l e quant i ty of 
n u t r i e n t s entering the body f a i l t o meet t h e maintenance requirements , 
needless to say to provide for s to rage in l i v e r . Pro te in s t a b i l i t y 
s t rengthens the view tha t the f i sh prefers accurru Lation of n u t r i e n t s 
o ther than p ro te in . In winter the KNA meets the same f a t e as o ther 
cytoplasmic inclusions and hence i t s concentrat ion dec l ines . While 
these changes are taking place l i t t l e increase in p ro te in ' d i l u t e s * 
the DNA but t h i s can be a t t r i b u t e d to the gravimet r ic adjustments 
of cons t i tuen t s in uni t weight of t i s s u e . P o s s i b i l i t y of an actual 
breakdown of DNA can be ruled out . Changes in the external environ-
ment a re accompanied by r eve r sa l of some pathways in the in te imal 
environment of f i sh , i^ 'ood in take must increase and perhaps the 
eff ic iency of protein syn thes i s from raw mater ia l s in the d i e t 
enhances to sus ta in growth process . Macro molecular compositior '.s 
exl >emely sens i t i ve to feeding l e v e l (Bulow 1970, Buckley IQ^o^ 
19^0 . The published information leaves no doubt on the clos'j 
r e l ; ion between the amount of food consumed and Rl^ A l e v e l s of 
t i s s u e s (Brachet 1955; Les l i e 1955; Bulow 1970, 1971; Mustafa 1977b; 
Buckley 1979, 1980; Mustafa and Mi t t a l 1982a}. If the views of 
love (1958) and Mustafa (1977a, 1978) are given credence, ep igenet ic 
DNA synthes is must be considered fo r con t ro l l ing the volume of c e l l 
cytoplasm growing due to accumalation of l a r g e r q u a n t i t i e s of RNA, 
e t c . The in t e r ac t ions between B1L\, DIJA and pro te in have been 
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docfumented by previous au thors , notably Mustafa and Ja f r i (1977, 
1979), Miostafa (1979), Mustafa a ' d ••iit;al ( l9S2a,b; 1984), 
Emmerson and Emmerson (1976) and Hu"" ton and ITllsson (1980; . ijiariier 
s t ud i e s (3ulow 1970; Buckley 197?, 1980) furnishing da ta on r i s e 
in both RIJA and prote in concentra t ions of f i sh t i s s u e s with i n -
cre- sing feeding r a t e , focus on liNA as t a n p l a t e and organiser f o r 
p io t >in b iosynthes is , leaving no doubt concerning decrease in 
p o t e n t i a l maximum ra te of pro te in syn thes i s and l i m i t a t i o n of 
c e l l u l a r growt^ as consequences of i t s l o s s from c e l l s . The 
energy harnessed from pro te in i s used for the var ious maintenance 
reqxiirements. For example, during s t a r v a t i o n pro te in catabolism 
has bepr known to occur in l a r v a l p la ice Pleuronectes p i a t e s s a 
(Ehr l ich 1974a), herr ing Glupea harengus (Ehrlich 1974b) and winter 
flounder Pseudopleuronectes americanus (Buckley 1980). The fac t 
tha t RNA content of c e l l s i s determined by pro te in level of the 
d ie t (Brachet 1955, Les l i e 1955, riustafa and J a f r i 197-7), the 
supply of p ro te in- f ree d ie t or a complete cessa t ion of feeding 
ac t i ve ly effect ing a decrease i n RITA i s more than l i k e l y . 
Within cer ta in (normal) l i m i t s the r e l a t i v e l i v e r weight 
(more precisel.y, t h e l i v e r weight:body weight r a t i o ) i s an index 
of t h e n u t r i t i o n a l condit ion or hea l th of an organism. Abnormally 
low Droportion ind ica tes s t r e s s and poor condi t ion . Large l i v e r , 
high l i v e r v7eight:body weight r a t i o , g r ea t e r l i v e r RNA:DNA r a t i o 
could ind ica te healthy, well-fed, rapidly growing fLsh. According 
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to Love (1970) decreased l i v e r DIJA could be due to l a rge amounts 
o±' o ther cons t i tuents such as l i p i d , and the same author explains 
t h a t the low protein in tnuscle ind ica t e s severe dep le t ion . 
To know the r e l a t i o n between itNA,DHA and n u t r i t i o n a l s t a tu s 
of the f i sh , the biochemical aspect of t he work was s p e c i f i c a l l y 
included in the protocol of t h i s study. The r e s u l t s obtained 
prove conclusively tha t response of RNA and DNA concentra t ions to 
d i e t a ry formulations i s d i f f e ren t in f ry and f inge r l ings and tha t 
under a wide range of condi t ions the nuc le ic acid data can be 
applied to asce r t a in short- term changes in growth and pro te in 
composition of f i sh t i s s u e s . When several types of d ie ta ry 
components are t r i ed on f i s h the nuc le ic acid technique proves 
more useful in finding out the r e l a t i v e •oerformance of compounded 
r a t i o n s . Feedstuffs of both plant and animal or ig in were se lec ted 
for t he present study. The former C3+. gory included raxostard o i l 
cake, l inseed o i l cake, cotton seed, v.ater hyacinth, wheat bran, 
sugarcane roughage and the second category comprised frog o f f a l , 
f i sh o f fa l , raw s laughter house waste, paddy pest (llieroglyphus) 
meal, blood meal and egg s h e l l s . Some of these products a re 
considered outr ight waste and the others a re ava i l ab le at economic 
r a t e . Po ten t ia l of many of these ingred ien t s in f i sh n u t r i t i o n i s 
indeed encouraging. That the approach of work i s need-based i s 
obvious from the surge of i n t e r e s t in recent years in c o l l e c t i n g , 
t a b u l a t i n g , s tor ing and r e t r i e v i n g information about l e a s t - c o s t 
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feeds on global sca le . 
A vd.de range of experimental design and methodology employed 
in f i sh n u t r i t i o n s tud ies makes d i f f i c u l t the comparison of r e s u l t s 
obtained by var ious research groups and the r e a l i s t i c i n t e r s p e c i f i c 
comparisons are almost impossible . I t i s important tha t l i m i t a t i o n s 
of comparison between experiments are taken note of in advance and 
e f for t made to avoid any problem in se l ec t ing a d i e t . At the 
behest of research or iented bodies in Ind ia a projec t was i n i t i a t e d 
in co l labora t ion with the United Nations Development Programme and 
Pood and Agriculture Organization to a s s i s t in the e labora t ion of 
d i e t s on n u t r i t i o n a l requirement of cu l t i va t ed carps . The "orogramme 
was s t a r t e d for determining t h e i r amino acid requirements and 
ana lys i s of amino acid concentrat ions of l o c a l l y ava i lab le d i e t a ry 
i n g r e d i e n t s . The I n t e r n a t i o n a l Network of Feed Information Centres 
(INFIG) cont r ibutes t o more e f f i c i e n t animal prodiiction throughout 
the world by improving access t o r e l i a b l e information on the 
composition, n u t r i t i v e value and p r a c t i c a l use of feeds fo r animals . 
Some of the bas ic problems in the app l ica t ion of the technology 
include the s tandardiza t ion of feed nomenclature, t h e i r cnemical 
and b io log i ca l charactex ' izat ions, communication and app l ica t ion of 
feed values to improve production for the end u s e r s . INFIG can 
play a leading ro l e in providing a nomenclature, through s tandar ized 
in te i rna t ional feed numbers, d e s c r i p t o r s , coding, recording and data 
processing of feed. Many countr ies have already joined INFIG and 
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benef i t s must accrue through the Icnowledge and app l i ca t ion of 
feeds which would g rea t ly enhance production (Ranjhan 1985). 
Accurate predict ion of f i sh growth i s e s s e n t i a l in s c i e n t i f i c 
management of any f i shery . The extensive s t ud i e s car r ied out 
e a r l i e r on feeding re la t ions with temperatiare, body s i z e , meta-
bolism and growth c lear ly show t h e complexity of t h e system 
underlying measurements of growth e f f i c i ency . The problem of 
adequate feed supply continues t o be one of the major const ra i r 03 
to animal production p a r t i c u l a r l y in many devolooinf coun t r i e s . 
This study was designed t o formulate Drac t ica l d i e t s for f i shes 
using ce r t a in non-conventional ingred ien ts and to know t h e i r 
Derformance. 
Different sToecies o"" freshwater t e l e o s t s including carps 
( Gyorinus carpio and Cirrhina mr iga la ) . c a t f i sh (Heteropneustes 
f o s s i l i s ) and murrel (Ghanna punctatus) formed the oasis of the 
present experiments. These f i shes a re coramercially most important 
and cons t i t u t e capture as well as cu l tu re f i s h e r i e s of f a i r l y good 
magnitude in Indian sub-cont inent . 
CHAPTER I 
I3I0ENERGETICS, GROWTH MD RI\fA-DNA TUiaiOVER IN TI33UE3 OF THE Ul^ DER 
YEARLINGS OF MAJOR CARP GIRRHINA CIGALA FED ARTIFICIAL DIETS 
INTRODUCTION 
P r a c t i c a l d i e t s f o r c o m m e r c i a l f i s h e s a r e formula '^ed t o 
c o n t a i n e n e r g y s o u r c e s b e s i d e s o t h e r n u t r i e n t s i n d i s p e n s a ) l e f o r 
p r o m o t i n g g r o w t h and e n s u r i n g h e a l t h y s u r v i v a l . I n c a s e o f f a rm 
a n i m a l s l i k e f i s h e s t h e main c o n s i d e r a t i o n i s t o a s s u r e maximujn 
p o s s i b l e c o n v e r s i o n of q u a l i t y f e e d s of low p r i c e i n t o s u p e r i o r 
f l e s h f o r human c o n s u m p t i o n . I n f l a t i o n i n t h e c o s t of b a l a n c e d 
f i s h f e e d s i s a s e r i o u s c h a l l e n g e t o t h e p r o f i t a b i l i t y o f f i s h 
h u s b a n d r y e n t e r p r i s e . The p r e s e n t work was d e s i g n e d t o f o r m u l a t e 
d i e t s f o r ma jo r c o r n G i r r i h i n a m r i g a l a by i n c o r p o r a t i n g low p r i c e d 
p r o d u c t s , even t h o s e w h i c h a r e c o n s i d e r e d o u t r i g > i t w a s t e , and t o 
t e s t t h e i r n u t r i t i o n a l e f f i c a c y . The n u t r i t i o n a l d a t a were c o r r e -
l a t e d w i t h dynamics of v a r i a t i o n i n lUiA and DNA in f i s h t i s s u e s . 
The f i s h s e l e c t e d forms s u b s t j m t i a l o a r t of i n l a n d c a t c h i n many 
I n d o - P a c i f i c C o u n t r i e s and i s w i d e l y c u l t u r e d i n f r e s h w a t e r p o n d s . 
I t s consumor arsueal i s t i l gh . 
KATERI/uiS AND lEETHODS 
YoUii^ s j e c i a i e n s of C l r r n i n a mrig a le , ( t o t a a . l e n g t h '.A-ti.5 cm, 
body •.•.'"ei,;ht '5.J-J.-' C ) ^vf*re p r o c a r e d i rom a i r e j n w n t e r nona i n 
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Univers i ty campus at Aligar,i (Lat . 27° 37' 30"N, Long. 78° 9' 
26" 3 ) . The spocimons vrere 8 months old according to au then t i c 
record . Fish were reared in tanks supplied with f i l t e r e d v/ater 
of t h e same pond for 7 days and were exposed to n a t u r a l photo-
period. Water was renewed d a i l y . Saecimens were grouped randoalj ' 
i n to four dupl icate ba tches , each of 30 i nd iv idua l s . f i sh of 
d i f f e ren t batches, were maintained in tanks of eaual capac i ty . 
Temperature, dissolved oxygen and pH of the medium were 26-28 G, 
4.5 p a r t s per mill ion and 7 .5 , r e s p e c t i v e l y . 
Four types of d i e t s ( ' A ' , ' B ' , ' C , 'D ' ) were compoujaded. 
Their composition has been indica ted in Table I . Deta i l s of feed 
processing are given below. 
Frog of fa l meal 
Frog wastes (o f fa l ) including v i s c e r a , sk in , h^ad, f l e sh 
pieces e t c . were procured as a mixed l o t and washed thoroughly 
using potable water. The product was then cooked under high 
1 pressure for about l-lp- hours and the cooked mass t r ans fe r r ed to 
a pressing machine. The l i q u i d ( s t ickwater ) was pressed out . The 
r e s u l t i n g product was t r a n s f e r r e d to a thermostat and incubated 
at 100 C t i l l i t was completely dry. This dried ma,tter was placed 
in muslin cloth bag and dipped in a mixture containing O.57o g l a c i a l 
a c e t i c acid and equivalent volume of 0.5% aqueous so lu t ion of sodium 
bensoate . The mixture served as a p r e se rva t i ve . After 3-5 hours 
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of t r e a t m e n t a t 100 G, t h e bag was t aken out to room t e m p e r a t u r e , 
p r e s s e d to remove t h e l i q u i d and sp read over m e t a l l i c t r a / s i n 
the e l e c t r i c the rmos ta t running a t 100 G. The p roces s con t inued 
f o r a t l e a s t 48 hours and t h e dry product vras pov^dered and s t o r e d . 
V/ater h y a c i n t h iueJ:i-L. 
Water hyac in th was ob ta ined from c a n a l s in t h e u n i v e r s i t y 
campus where i t grows p r o l i f i c a l l y . The p l a n t was washed wi th 
t a p wa te r and t r a n s f e r r e d to t h e r m o s t a t main ta ined at 100°G t i l l 
t h e p roduc t was d ry . The dry m a t t e r was t hen powdered in a 
mechanica l g r i n d e r . 
Blood me;3JL 
^lood c o l l e c t e d from t h e s l a u g h t e r house was d r i e d a t lOO^C 
in t h e r m o s t a t and s to red in s e a l e d c o n t a i n e r s . 
Egg s h e l l s 
Discarded s h e l l s of p o u l t r y eggs were p rocured , washed wi th 
wa te r and f i n e l y powdered i n the g r i n d e r . 
I-xustarg ^.1 pake, l i n s e e d o i l caJce, c o t t o n seed , wheat b r an , 
sugarccjii-v. -^ ^^ .f., 11 age 
These p roduc t s were c o l l e c t e d , d r i e d i n t h e r m o s t a t a t 100°G 
and powdered s e p a r a t e l y in t h e g r i n d e r . Var ious i n g r e d i e n t s t h u s 
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obtained were mixed in differe^nt proport ions and the xine±y r rained 
dry d i e t s were supplied separa te ly to the d i f fe ren t batches at the 
r a t e 3^ of body weight every da;^ .^ Size of the r a t i o n was decided 
a f t e r carrying out prel iminary feeding t r i a l s o "ore the experiment 
with the object ive of f inding out the food qutn', ty -omraensurate with 
the a p p e t i t e of the f ish and avoiding wastage. Experimental dura-
t ion was l imi ted to 2 weeks in a n t i c i p a t i o n of aorupt f l uc tua t ions 
in environmental fac tors in the forthcoming season. On f i f t e e n t h 
day the specimens were taken out of the tanks and measured for 
t h e i r weight. 
Instantaneous/orspcific G-rovrth Rate (3GR) v/as ca lcu la ted by 
the equation: 
( log \U - log Vv-, ) 
SGrt = —^—^ ——~ X 100 
where, /i-. = I n i t i a l body weight (g) 
Wp = Pinal body weight (g) 
D = Days of feeding 
Gross ?ood Conversion ef f ic iency (f'CE) was ev;aluated using 
the formula: 
FOE = J X 100 
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where, G = Gain in body weight (g) 
I = Amoiint of food consumed (g) 
To measux'e the ef f ic iency of pro te in u t i l i z a t i o n , Prote in 
Efficiency Rstio (PER) was derived by the help of the equation: 
PER = Gain in body weight (g) 
Protein in t ake (g) 
Fish were decapi ta ted and sample of ske le t a l muscle 
excised from a fixed l oca t i on in trunk reg ion . Known weight 
of the t i s s u e samples were processed for quan t i t a t i on of RNA 
and DNA. Dry f a t - f r ee t i s s u e was processed following the technique 
of Webb and Levy (1955). Known weight of the sample was homogenized 
in measured volume of d i s t i l l e d water and t r e a t e d with two volumes 
of 10^ t r i c h l o r o a c e t i c acid (TCA). The contents were cent2?ifuged 
at 3000-4000 rpm for 15-20 minutes and the supernatant d iscarded. 
The process was repeat i t h r i c e to ensure complete removal of 
ac id -so lub le and chror o enic substances . P e l l e t was t r e a t e d with 
95% e thyl alcohol and ohe contents centr: fuged at 3000-4000 rpm 
for 15-20 minutes. The supernatant was removed and the process 
ca r r i ed out 3-5 times for e l iminat ion of l i p o i d a l mat ter . The 
t i s s u e res idue was t r ea t ed and washed a couple of times with 
solvent e ther and the r e su l t i ng oroduct incubated for 48 hours 
in a thermostat running at 100 G. Processing of t h e sample t h i s 
way yielded a white f a t - f r e e dry and powdered mat ter which was 
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used fo r determination of RNA and DNA. iilTA was ext rac ted and 
determined quan t i t a t i ve ly according t o the technique of Schneider 
(1957). A sample of 20 m£ - ta ined through the procedure de t a i l ed 
above was suspended in 2 ml of L N potassium hydroxide and incubated 
for 20-24 hours a t 37 C. GonCixits then received 0.4 ml of 6 N 
hydrochloH. 0 acid and 2 ml of 5X TGA and mixed thoroughly before 
cen t r i fuga t ion a t 3000-4000 rpm for 10-15 minutes. The centr i fuged 
so lu t ion was f i l t e r e d and RI^ A determined in the f i l t r a t e by the 
standard orcinol r eac t ion . Orcinol was pur i f i ed by d isso lv ing in 
bo i l ing benzene and decolour is ing with ac t iva ted cha.rcoal. The 
pur i f i ed product was re c r y s t a l l i z e d with hexane at room temperature . 
A so lu t ion of 1% orcinol was prepared in concentrated hydrochlor ic 
ac id . The reagent was mjjred with equal volume of d i lu ted RNA 
a l i q u o t . Mixture was heated i n boi l ing water for 30 minutes, 
cooled to room temperature. I n t e n s i t y of the greenish colour 
developed in the so lu t ion was read a t 660 m^ i wavelength on 
Beckman microprocessor model DU-5 spectrophotometer (UV-VIS-NIK). 
•Blank' was prepared by s u b s t i t u t i n g KiTA a l iquot wi.th d i s t i l l e d 
water and processing the contents in the same way. itNA concen-
t r a t i o n ([ig/lOO mg) of t i s s u e sample was worked out by the help of 
a s tandard curve (Fig. 1) prepared using pur i f ied yeast RNA. 
For estimating DITA, 50 mg of diry, f a t - f r ee t i s s u e sample 
was suspended in 5 ml of 5^ TCA. The contents were t r a n s f e r r e d 
to a bo i l ing waterbath and heated continuously for 30 minutes. 
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After cooling to room temperature , loss of volume of the con ten t s 
during bo i l ing was made up "by add i t ion of 5% TOA. The con ten t s 
were f i l t e r e d and DNA determined in the f i l t r a t e by the method of 
Ashwell (1957). DNA a l iquot (0 .5 ml) v.^ as mixed with 0.05 ml of 
5X aqueous solut ion of cys te ine , 5.0 ml of 70^ sulphur ic ac id and 
the contents dispersed uniformly by e f fec t ive shaking. Mixture 
was allowed to stand at room temperature for 15 minutes and colour 
developed in the sample was read at 490 mji wavelength on the 
Beckraan DU-5 spectrophotometer. Using pur i f i ed , highly polymerized 
calf - thymus DNA as the s tandard, a c a l i b r a t i o n curve was prepared 
(F ig . 2) to cal.culate the DNA content of experimental samples. 
Values have been recorded as iag/100 rag dry f a t - f r e e sample. Since 
t i s s u e was obtained from a fixed loca t ion in trunk to avoid ef fec t 
of anatomical va r i a t i on on the biochemical data , the sample from 
indiv idua l specimen was not adequate to process for . both RNA -axid 
DNA es t imat ion . As such, t he two nuc le ic acids were determined in 
t i s s u e s d issec ted out from d i f fe ren t specimens, and RNA/DNA r a t i o 
was computed using mean value of separa te s e t s of RNA and DNA. 
Energy content of t i s s u e was determined by the help of a 
bomb ca lor imeter . Knov/n weight of dry sainple was pressed in a 
• p e l l e t p ress ' and the p e l l e t was weighed and placed in a s t a i n l e s s 
s t e e l c ruc ib le . Nichrome wire and prescr ibed thread of measured 
length were t i ed to a hook adjusted i n a way as to touch the sample 
in c r u c i b l e . The en t i r e assembly was t r ans f e r r ed to the 'BOI-TB* of 
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the ca lo r imete r . Pure oxygen in the prescribed qizantity was 
su-Q-olied t o the bomb arid e l e c t r i c current passed. The thread 
and wire i n i t i a t e d the f i r e and sample ign i t ed e l e c t r i c a l l y . 
Rise in the temperatuire of water surro'anding the bomb was recorded. 
Energy content of sample in small c a l o r i e s (c) was ca lcu la ted as : 
( l a t e r equivalent x difference in temperature, G)-
(Thread ca l . - Wire c a l . ) 
Sample Calories = 
V/eight of sample (g) 
where, water equivalent = 2200 
Difference in temperature, C = Final t anpera tu re - I n i t i a l 
temperature. 
Thread ca lo r i e s = 2.1 x thread used (cm) 
Wire ca lo r ies •- 2.33 x length of wire l e f t a f t e r bum.ing(cm) 
The values vfere divided by 1000 to get the energy content in 
terras of d ie ta ry (k i lo) c a l o r i e s (Kcal) . 
Diet analys is 
Prote in content of the diet was determined by the procedure 
of Lowry et_ al_. (1951). Ten mg of dry sample of d ie t was d ispersed 
in 1 ml of 1 N sodium hydroxide. The contents were t r e a t e d for 
10-15 minutes in a boi l ing waterbath, cooled to room temperature 
in running tap water, r a i sed to 10 ml by d i s t i l l e d water and mixed 
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t h o r o u g h l y . One t e n t h ( O . l ) ml of t h e a l i q u o t was removed i n 
c l e a n , dry t e s t t u b e , d i l u t e d t o 2 ml by d i s t i l l e d w a t e r and 
mixed wi th 1 ml copper c a r b o n a t e s o l u t i o n . The c o n t e n t s were 
i ncuba ted a t room t empera tu re for 10 minutes and 0 . 1 ml of 
Polin-phenol r eagen t was added. Af t e r s t and ing a t room t empera tu re 
-o ; 30 minu tes , t h e i n t e n s i t y of c o l o u r was recorded a t 30O mp. on 
the Beckman model DU-5 s p e c t r o p h o t o m e t e r . A b lank vas p r e p a r e d , 
t a k i n g 0 . 1 ml of a mixture of 1 p a r t of 11^  sodium hydrox ide and 
9 p a r t s of d i s t i l l e d wa te r and proceeding i n s i m i l a r way. P r o t e i n 
con'-^rt of sample was d e r i v e d by t h e h e l p of a c a l i b r a t i o n cu rve 
( F i g . 3) prepared t a k i n g bovine serum albumin as t h e s t a n d a r d . 
Energy con ten t of t h e d i e t was determined bomb c a l o r i r a e t r i -
c a l l y . The t e c h n i q u e has been d e t a i l e d e a r l i e r . 
RESULTS AND DISCUSSION 
I t i s ev iden t from t h e d a t a t h a t d i e t 'A' was n u t r i t i o n a l l y 
s u p e r i o r compared to t h e r ema in ing t y p e s of d i e t s ( ' 3 ' , 'G*, ' D ' ) . 
Of a l l the f e e d s , 'D' f a i l e d to s a t i s f y even t h e msiintenance 
r e q u i r e m e n t s . This n u t r i t i o n a l e f f i c a c y of d i f f e r e n t f eeds can 
be judged from t h e d a t a p e r t a i n i n g to t h e percent;age g a i n s i n 
body weigh t , i n s t a n t a n e o u s growth r a t e , food con\'^ersion e f f i c i e n c y 
and p r o t e i n convers ion r a t i o (Tab le I I ) . E v i d e n t l y , the d i e t ' B ' 
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was def ic ien t in some ingred ien t s indispensable for normal growth. 
" ; ' a l i t a t i v e l y ' 3 ' was same as 'A' except t h a t i t was devoid of 
egg :;hell and blood meal, the important sources of calcium and 
p ro t e in , respec t ive ly , and the cotton seed t h a t mainly suppl ies 
energy n u t r i e n t s . Their proport ion (10^) was compensated by 
add i t iona l quantity of sugarcane roughage in feed 'B" . 
The study s i g n i f i e s the use of l inseed o i l cake as a 
s u b s t i t u t e of mustard o i l cake. Mustard o i l cake i s widely used 
as an e s sen t i a l component of the a r t i f i c i f i l d i e t of severa l major 
ca rps . Results of our study emphasize tha t performance of l i n seed 
o i l cake i s b e t t e r of the two. The conventional concept of using 
o i l cake of mustard be reconsidered in favour of t h a t of the 
l i n seed . The data indica ted t h a t the gains in body weight/unit 
body length , e f f ic iency of the conversion of food in to f l e sh , as 
well as ass imi la t ion of d ie tary p ro te in in the body were high in 
specimens reared on a d ie t having wheat bran and l inseed o i l cake 
(50:50) compared to the d ie t formulated to contain mustard o i l 
cake ins tead of the l i n seed o i l cake in the same propor t ion . Fish 
supplied the l a t t e r combination f a i l ed to maintain t h e i r o r i g i n a l 
body weight. 
The feeding t r i a l s e labora ted t h a t a par t of t he q u a l i t a -
t i v e l y and quan t i t a t i ve ly super ior food i s d iver ted in the body 
to l i f e susta ining and metabolic func t ions , and the o ther towards 
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growth. Fxirther, a change in the na ture of the d i e t t ha t reduces 
i t s n u t r i t i o n a l value a l t e r s the r a t i o of the maintenance/growth 
food in the d i rec t ion of a r e l a t i v e increase in the former even 
when the ra t ion s ize remains cons tan t . 
The data also revealed tha t food ef f ic iency and PER increased 
with increase in the p ro te in l eve l of the d i e t . Concordant r e s u l t s 
have been obtained by Jobling and Spencer (1980) on p l a i ce , 
Pleuronectes p l a t e s sa . However, Jauncey (1982) observed decl ine 
in PER with increasing d ie tary pro te in content in case of t i l a p i a s . 
I t was obvious that food a s s imi l a t ion , PER and gains in body weight 
were d i r e c t l y re la ted to p ro te in i n t a k e . Fowler (1980) not iced 
t h a t weight gain in chinook salmon fry improved as the energy l e v e l 
of d i e t increased. Rychly (1980) recorded tha t food conversion 
eff ic iency in t rou t depended on consumntion of p ro t e in . Pfeffer 
(1982) working on salmonid fish concluded tha t PER was determined 
by l eve l of die tary pro te in and metabo l i zab i l i ty of non-protein 
energy. 
If the data on food ass imi la t ion and weight gain in f i sh 
fed proteinaceous d i e t s ( 'A' and ' 3 ' in the present case) are 
compared, i t becomes atjparent that n u t r i e n t s other than orote in 
oecorae c r i t i c a l l y important. That some ingredients are more 
l imi t ing for f i sh ii* comparison with pigs arm poultry hc>.3 bean 
out l ined b^ Pfeffer (19^--,. iy.t.e I 'A' contained 22.2% prote in 
Tl 
fjrid VB' had 19.6^ prote in , "but the l a t t e r was devoid of calcium 
r ich egg she l l ana cotton seed. Diets ' C and 'D' xvere "oocr in 
pro te in (-^.9^ and 9.3^, r e s p e c t i v e l y ) . This dietar; / rnanirjulation 
mattered, ser ious ly and changed the n u t r i t i o n a l p i c t u r e . Halver 
(1976) and Maslova (1977) have r i g h t l y s t r e s sed the need of mineral 
supplementation in the d i e t for the same reason. Although t h i s 
work in not b3.sically concerned with p ro te in requirements, never-
t h e l e s s , the r e l a t ed information wi l l not preclude useful conclusions 
on t h i s aspec t . I t i s well knov/n tha t p ro te in requirements of fry 
are much higher than those of l a r g e r specimens (NAS NRG, 1973). 
The f i sh used in the work were 8 months old and thus must t h r i v e 
i f p ro te in percentage in d i e t s i s around t h a t va lue . Nose (1971) 
ind ica ted tha t u t i l i t y of d ie ta ry pro te in for body gains remains 
f a i r l y constant when concentrat ion of t h i s nu t r i en t in the d i e t 
v a r i e s upto 35,^. Second, in na tu re , Girrhina mrigala feeds 
predominantly on sand, mud, d e t r i t u s , bes ides smaller quant i ty of 
plankton (Khan and Siddiqi 1973) and subs i s t s on low nrote in foods. 
I t s d iges t ive equipment i s not su i ted to deal vrith a very high 
prote in d ie t according to the views of Mustafa (1^)76). 
Regarding b ioenerge t ics , i t i s obvious t ha t d i f f e ren t d i e t s 
do not necessar i ly produce r e s u l t a n t increase in c a l o r i f i c value 
of the f lesh in the order of t h e i r own energy content . Energy 
contents per gram of the d i e t s 'A ' , ' B ' , 'C*, 'D' were 5.799, 
6.280, 6.742 and 6.170 k i l o c a l o r i e s , whereas equal weights of f i sh 
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muscle fed the d i e t s contained 6.697, 7.047, 5.213, 6.062 
k i l o c a l o r i e s , r e spec t ive ly . Thus feed ' C was r i ches t source 
of energy but muscle of the f i sh supplied d ie t ' 3 ' had the 
highest leve l of energy. Perhaps, the type of energy enter ing 
the body (Pro te in / fa t / ca rbohydra te c a lo r i e s ) i s the deciding 
f a c t o r . A ca lo r i f i c d i e t may not e s s e n t i a l l y be n u t r i t i o n a l l y 
as super ior inasmuch as proport ion of f a t iidaose fuel value 
exceeds twice tha t of the equal weights of p ro te ins and carbo-
hydrates combined, may abound in a d ie t and increase i t s energy 
va lue . Out of the d i e t s t e s t e d , 'A' was most proteinaceous as 
well as most n u t r i t i ^ and gave a high PER but ' C was poor in 
p ro t e in , r ich in cal o des and yet of lower n u t r i t i o n a l e f f icacy . 
I t v ind ica tes f i s h ' s lower requirements for metabolizable energy 
for producing r)rotein. Indeed, t h i s i s a pos i t ive aspect if 
viewed in comparison with o ther commercial animals including 
poul t ry and i ndus t r i a l mammals (Pfeffer 1932). Considerat ion 
of pro te in level of d i f f e r en t d i e t s and i t s c o r r e l a t i o n with 
n u t r i t i o n a l data summarized in Table I ind ica tes e x p l i c i t l y tha t 
a l a r g e r par t of net energy gain following d iges t i ve hydrolysis 
i s l a i d down in the body chiefly as p ro te in , i r r e s p e c t i v e of the 
t o t a l energy in take . 
I t is important to point out t h a t overa l l poor weight gains 
in f i s h stocks reared on the compounded d i e t s used are due to the 
fac t tha t the f i sh were already stijinted. They were obtained from 
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a d e r e l i c t body of water with extremely poor p roduc t iv i t y . 
Their body weight on the average represented growth in 8 months. 
Normally grox^ing ind iv idua ls of t h i s age a t t a i n on the average 
a length of 20-22 cm and body weight 100-130 g. Obviously, f i sh 
passed a considerable period of i t s growth phase in an impove-
rished environment. Resul ts impress upon the need of a r t i f i c i a l 
feeding in the ear ly l i f e of the f ish which is charac te r ized by 
high p o t e n t i a l for growth and biomass product ion. 
Nucleic acid ana lys i s of the muscle (Pi{j.4 Table Ti l ) of flab 
supplied d i f fe ren t d i e t s yie lded i n t e r e s t i n g r e s u l t s . RSk seemed 
qu i te responsive to qual i ty of d i e t . Var ia t ion in the DNA concen-
t r a t i o n of t i s s u e was r e l a t e d to l a b i l i t y of cytoplasmic c o n s t i -
tuen t s including RlIA and pix)tein, and did not imnly ac tua l change 
in the quant i ty of DNA in c e l l s . Al te ra t ion of RNA/DNA r a t i o 
thus re f l ec ted changes in tbe c^+oMlasmic r e se rves . These changes 
assume spec ia l s ignif icance when considered in the l i g h t of 
n u t r i t i o n a l and rowth da ta . Mustafa and J a f r i (1979), Mustafa 
and Mit ta l (1982b )and Mustafa and Zofair (1983) have reviewed 
the work on t h i s aspect and s t r e s sed the accuracy of iden t i fy ing 
the nucle ic acid changes with growth pulses in f i sh through 
regress ion models. 
-ttNA concentrat ion and KNA/DNA r a t i o were highest in muscle 
of f ish fed d ie t 'A ' . Next i n order were the specimens supplied 
d i e t s ' B ' , ' C , 'D ' . The r a t i o s , deduceable from the data shown in 
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Table I I I , rere 9.58 ( A ) , 6.49 ( B ) , 5.25 (C), 4.64 (D). Diet 'A' 
was -.achesC in pro te in , and the FOE, PER, 3GR and energy content 
of the muscle of the f i sh maintained on i t were higher than those 
of o the r batches. Clearly, level of d ie ta ry prote in inf luences 
lil'JA in the bod; '^. Such a pos i t i ve c o r r e l a t i o n between p ro te in 
intake and t i s s u e concentra t ion of RITA in f i sh can be deduced 
fron, j a r l i e r work (Mustafa and J a f r i 1977; Mustafa cUid Mi t t a l 
1982 a) to subs tan t ia te the present f i nd ings . Since RNA organizes 
pro^uein b iosynthes i s , increase in the concent ra t ion of t h i s nuc le i c 
acid invar iab ly r e s u l t s i n synthes is of l a r g e r quant i ty of p r o t e i n . 
I t i s an establ ished fac t t ha t growth and robustness of f i sh are 
mainly a function of p ro te in syn thes i s . Prote in so a r i s i n g 
ep igene t i ca l ly i s l a id down in the c e l l cytoplasm, thus ' d i l u t i n g ' 
the DNA and manifesting in more voluminous, heavier c e l l s . A 
l e s s e r number of such c e l l s can form a uni t weight of t i s s u e sample 
compared to c e l l s of smal ler weight. I t i s to t h i s f a c t o r t h a t the 
decl ine of DNA can be a t t r i b u t e d . That the IMA concentra t ion in 
t i s s u e i s re la ted to the number of c e l l s / u n i t weight of samnle has 
been amply demonstrate... Hotchkiss 1955; Les l i e n S 5 ; >ulow 197^.; 
Mustafa and J a f r i 1976; Mustafa 1977a,b, 1978; Mustafa and 3hams 
1982; Mustafa rmd Zofair 1983). Metabolic s t a b i l i t y of DNA, the 
gene t ic mate r ia l , observed e a r l i e r in f i s h even under c r i t i c a l 
condi t ions of 'phys io logica l : : ^ r g e n c y ' , (Mustafa ;md Mi t t a l 1982a) 
warrant against considering th is change as owing to the decrease 
of c e l l u l a r DNA. 
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These b i o c h e m i c a l a s s a y s p r o v i d e a r e l i a b l e t o o l of e v a l u a t i n g 
t h e p e r f o r m a n c e of a r t i f i c i a l f i s h f e e d s w i t h i n s h o r t p e r i o d s . T h i s 
i n f o r m a t i o n i s of p r a c t i c a l u t i l i t y f o r t h o s e c o n c e r n e d w i t h t h e 
f o r m u l a t i o n of b a l a n c e d and g r o w t h p r o m o t i n g r a t i o n s f o r c u l t i v a t e d 
f i s h e s . 
SUT-mARY 
P e r f o r m a n c e of f o u r a r t i f i c i a l d i e t s w i t h d i f f e r e n t c h e m i c a l 
c o m p o s i t i o n and e n e r g y v a l u e was s t u d i e d i n m a j o r c a r p O i r r h i n a 
m r i g a l a . Kui ' i t i o n a l p a r a m e t e r s s e l e c t e d i n c l u d e i n s t a n t a n e o u s 
g r o w t h r a t e ( I ;R) , food c o n v e r s i o n e f f i c i e n c y (FOB), p r o t e i n 
e f f i c i e n c y ra.-LO (PER) . The r e l a t i o n of t h e r a t i o of m a i n t e n a n c e / 
g r o w t h food v I t h n u t r i t i o n a l q u a l i t y of d i e t was e v i d e n t from t h e 
d a t a . SGR, PG3 and PER v a r i e d w i t h p r o t e i n i n t a k e . Marked 
d i f f e r e n c e i n n u t r i t i o n a l d a t a of f i s h f ed d i e t s w i t h c o m p a r a b l e 
q u a n t i t y of p r o t e i n r e v e a l e d t h e c r i t i c a l v a l u e of o t h e r n u t r i e n t s , 
e s p e c i a l l y m i n e r a l s . E f f i c i e n c y of d i e t t o i n c r e a s e c a l o r i f i c 
v a l u e of f l e s h seemed t o depend on r e l a t i v e p r o p o r t i o n of i t s 
d i f f e r e n t e n e r g y s o u r c e s . N a t u r e of d i e t i n f l u e n c e d p r o t e i n and 
n u c l e i c a c i d c o n c e n t r a t i o n s i n muscJ.e t i s s u e of f i s h . Whi le 
p r o t e i n and Rl-IA i n c r e a s e d by f e e d i n g d i e t more e f f e c t i v e i n g r o w t h 
p r o m o t i o n and of h i g h a s s i m i l a t i o n , t h e DNA m a i n t a i n e d a r e c i p r o c a l 
r e l a t i o n . MA/DNA r a t i o was found t o be a s e n s i t i v e and q u i c k 
p a r a m e t e r f o r e v a l u a t i n g t h e n u t r i t i o n a l e f f i c a c y of a r t i f i c i a l 
f e e d s . 
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TABLE - 1. Composition of artificial diets fed to Girrhina 
mrisala 
Dietary Proportions of ingredients in diets 
ingredients 
A 3 G D 
Mustard oil cake 
Wheat bran 
Sugarcane roughage 
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TilbLE - I I I . N u c l e i c a c i d c o n c e n t r a t i o n s i n t h e m u s c l e o f 
G i r r h i n a m r i , ^ a l a o u n n l i e d a r t i f i c i a l f e e d s 
( / I , B) 
D i e t ; xiNA, ^ g / 1 0 0 m^ - DNA, p.g/lOU ing illNfA/DNA 
A 
D 
3 4 8 . 2 5 + 4 . 0 6 5 
8 0 1 . 9 6 + 7 . 5 6 0 
732 .93 + 7 . 2 3 0 
73 5 . 1 + 3 . 3 5 0 
3 3 . 6 6 + 4 . 3 2 
3 . 5 + 6 . 7 2 
1 4 3 . 3 3 + 2 . 1 4 
1 5 3 . 3 3 + 2 3 . 5 4 
9 . 5 8 
b . 4 9 
5 . 2 5 
4 . 6 4 
CHAPTER II 
GROWTH, FOOD GOWERSION AND PROTEIN UTILIZATION OF MAJOR CARP 
GIRRHINA MRIGALA FRY FED COMPOUNDED DIETS 
INTRODUCTION 
The aim of p r e s e n t s t u d y was t o examine t h e g r o w t h p r o m o t i n g 
e f f e c t s and n u t r i t i o n a l e f f i c a c y of c o s t - e f f e c t i v e d i e t a r y c o m b i -
n a t i o n s i n t h e f r y of m a j o r c a r p C i r r h i n a m r i f i a l a . L i m i t e d 
s u p p l i e s and h i k e i n p r i c e s of c o n v e n t i o n a l p r o t e i n s o u r c e s c a l l 
f o r e x p l o r i n g a l t e r n a t i v e l e a s t - c o s t a g r i c u l t u r a l / a g r o - i n d u s t r i a l 
b y p r o d u c t s and r o u g h a g e s w h i c h can be u s e d f o r f o r m u l a t i n g b a l a n c e d 
r a t i o n s f o r f i s h e s . C i r r h i n a m r i g a l a i s a c o m m e r c i a l l y i m p o r t a n t 
s p e c i e s which i s most e x t e n s i v e l y c u l t u r e d i n t h e I n d i a n s u b - c o n -
t i n e n t . R a t i o n a l management o f i t s e a r l y s t a g e s ( f r y , f i n g e r l i n g ) 
i s e s s e n t i a l t o meet t h e demands of a q u a c u l t u r e . The p e r f o r m a n c e 
of e c o n o m i c a l l y f e a s i b l e compounded d i e t s t h r o u g h g r o w t h r a t e , 
food c o n v e r s i o n e f f i c i e n c y , p r o t e i n u t i l i z a t i o n , food q u o t i e n t i s 
e n c o u r a g i n g . The i n f o r m a t i o n assumes u n i v e r s a l i m p o r t a n c e i n a s m u c h 
a s t h e f o r m u l a t e d d i e t s u s e d i n t h i s i n v e s t i g a t i o n c a n be t r i e d on 
o t h e r s p e c i e s of c a r p s , m u r r e l s , e t c . 
MATERIALS AND I4ETH0DS 
C i r r h i n a m r i g a l a f r y of t h e same i n d u c e d b r e d s t o c k ( a v e r a g e 
body l e n g t h and w e i g h t 1 .35 cm ;and 0 . 0 2 g , r e s p e c t i v e l y ) were 
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re leased in a r t i f i c i a l l y constructed underground Donds (3 f t x 3 f t 
X 3 f t ) and acclimated for 3 days. Temt)erature, dissolved oxygen 
concentrat ion and pH of the water were 30-31 G, 8 pom and 7 .5 , 
r e spec t i ve ly . Three tynes of comoounded d i e t s (Table I) in dry 
and powdered form were SUT)plied to d i f ferent batches of f ry . Their 
chemical composition and energy value have been indica ted in 
Table I I . Specimens of each batch t o t a l l i n g 100 were fed da i ly 
four times t h e i r body weight. Ration s ize was dete2?mined through 
prel iminary laboratory experiments and was commensurate with t h e i r 
a p p e t i t e . Feeding continued f o r 4 weeks, a f t e r v^ich f i sh were 
taken out and measured for l eng th and weight. 
Methods used for determining the Instantc'ineous/Specific 
Growth Rate, Pood Coversion Efficiency and PixDtein Efficiency 
Ratio were the same as described in Chapter I . Amount of food 
required to yield unit gain in body weight was worked out through 
Pood Quotient, FQ ( lardach e t a l . 197?): 
PQ -_ V/eight of food sut^pliedC g) 
Increase in body weight (g) T 
Procedures for muscle sampling and q u a n t i t a t i v e determination 
of UNA and DiiA were the same as outl ined in Chapter I , 
Analysis of diet 
Samples of the dry d i e t s were processed for q u a n t i t a t i v e 
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es t imat ions of pro te in , f a t , carbohydrate, t o t a l inorganic matter 
(ash) and energy value. 
Prote in was assayed according to the method of Lowry et^  a l . 
(1951). 
Fat was extracted from the d ie t samples by the helt) of 
soxhlet apparatus . Petroleum e ther (boi l ing point 40-60 G) W8,s 
used as che solvent . Known weight of dry powdered sample was 
placed in .Vhatmari thimble and T)lugged by cotton wool. liJxtraction 
was carr ied out for 10 hours . Receiving f lask was t r a n s f e r r e d to 
thermortat running at 100*^0 t i l l the e n t i r e petroleum e the r was 
removed. Flask with i t s f a t content was weighed and the amount 
of fa t extracted ca lcula ted on percent b a s i s . 
Known quantity (2 g) of dr ied d ie t sample was placed in 
preweighed s i l i c a crucib le and ign i t ed t i l l i t became whi te . The 
c ruc ib le alongwith i t s contents v a^s cooled to room temperature in 
a des s i ca to r arid reweighed. The ash represent ing t o t a l inorganic 
mat ter of d ie t was determined and calcula ted on i^ercent b a s i s . 
Carbohydrate content was grossly evaluated according to the 
rule-of-thumb technique adonted by Mustafa and Ja f r i (1Q7P) by 
sumning UD the "oercent^ges of p ro te in , f a t , ash in dry samples 
and sub t rac t ing the t o t a l from 100. 
The physiological fuel value of the energy n u t r i e n t s was 
a lso assessed by mult iplying t h e i r percentages by numerical 
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constants ( 4 for protein and carbohydrate and 9 for fat) as 
applied earlier by Mustafa md Jafri (1978) and Mustafa (l983a,b). 
RESULTS 
All the three compounded d i e t s produced a general p a t t e r n 
of heal thy growth. I t can be seen from the n u t r i t i o n a l data 
embodied in Table I I I t ha t the d i e t ' C was most e f f e c t i v e , 
followed by 'A' and ' 3 ' in promoting growth in the young Qirrhina 
mrigala . After 30 days of feeding the gains in bod;>^  weight were 
of the order of 50.5, 43.27 and 35.33 times t h e i r o r i g i n a l values in 
' C , 'A' and ' B ' , r e spec t ive ly . So was the case with ins tantaneous 
( sp ec i f i c ) growth ra te (G: 13.07, A: 12.55, B: 11 .68) . Pood 
conversion efficiency and pro te in eff ic iency r a t i o were qu i te 
s e n s i t i v e t o prote in in take and increased with d ie tary p ro te in 
l e v e l (DPL, V.). FOE was 41.25 (d i e t ' C ; DPL, 50 .7 ) , 35.22 
( d i e t 'A ' ; DPL, 48.62) and 26.94 (d i e t ' B ' ; DPL, 45.54) . Similar 
progression was seen in PER ( 0 . 8 1 , d ie t ' C ; 0 .72, d ie t 'A' and 
0 .59, d i e t ' B ' ) . Performance of t he d i e t s was a lso n o s i t i v e l y 
r e l a t e d to t h e i r energy va lue . Diet ' C which was most c a l o r i f i c 
(384.35 Kcal/lOO g) also supplied l a r g e s t number of p ro te in 
c a l o r i e s (203.08/100 g) as well as fa t c a l o r i e s (12.15/100 g ) ; 
the carbohydrate ca lor ies were 169.12/100 g. Out of a t o t a l of 
366.25 Kcal/lOO g in d i e t 'A ' , t he c a l o r i e s (per 100 g) of p r o t e i n . 
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f a t and carbohydra te were 1 9 4 . 4 8 , 11.25 and 160 .52 , r e s p e c t i v e l y . 
Diet ' ^ ' was poores t wi th 363.95 Kcal/lOO g ( o r o t e i n c a l o r i e s : 
182 .16 , f a t c a l o r i e s : 8 . 5 5 , ca rbohydra t e c a l o r i e s : 1 7 3 . 2 5 ) . 
Comparative e f f i c a c y of t h e d i e t s i s a l s o ev iden t by "^  e 
v a l u e s of food q u o t i e n t which was i n an o r d e r r e c i p r o c a l t o I R, 
FOB and PER. PQ were 2 .42 , 2 .84 and 3.71 in spec imens suppl^c^-d 
d i e t s ' C , 'A' and 'B* . Obvious ly , l a r g e r q u a n t i t y of food was 
r e q u i r e d to y i e l d u n i t g a i n s i n body weight of f i s h fed d i e t s 
lower i n p r o t e i n . 
"Besides, DPL, the p r o p o r t i o n s of t h e o t h e r two energy 
s o u r c e s , v i z . ca rbohydra te and f a t , a l s o i n f l u e n c e t h e e f f i c i e n c y 
of food convers ion and p r o t e i n a s s i m i l a t i o n . D ie t s ' C and 'A* 
con t a ined 1.35 and 1.25 p e r c e n t f a t , whereas • 3 ' was p o o r e r i n 
t h i s component ( 0 . 9 5 ^ ) . The t h r e e feeds did not d i f f e r a p p r e -
c i a b l y in the ca rbohydra te p e r c e n t a g e (A: 40.13» B: 4 3 . 5 1 , 0: 4 2 . 2 8 ) . 
I n o r g a n i c s u b s t a n c e s exceeding 5.5% of the d i e t d id not seem 
t o e x e r t any favourab le e f f e c t on g rowth . Diet ' C whose n u t r i t i o n a l 
e f f i c a c y was h ighes t of t he t h r e e , c o n t a i n e d ^ . 6 ^ a sh . I n o r g a n i c 
m a t t e r was 10^ and 10.2% in d i e t s 'A' and * 3 ' , r e s p e c t i v e l y . 
DISOUSSIOK 
Growth rate, food conversion efficiency and protein efficiency 
ratio of Girrhlna mrigala fry increased with the amount of protein 
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i n t a k e . These n u t r i t i o n a l parameters ue-^e maximun when oro te in 
formed more than 507o of the d ie t (c') . Tixring ea r ly Dhase of 
l i f e character ized by most rapid growth, the requirement of 
pro te in i s h ighes t . Growth of the fish is accomplished l a r g e l y 
by synthes is of protein which depends on a regular supply of raw 
mate r i a l s by way of food. The r a t e at which the fry puts on 
weight and grows i s unmatched by growth i n subsequent years of 
l i f e . 
Such a high prote in requirement i s not s u r p r i s i n g cons ide-
r ing the ambient temperature (30-31°G) at which the fry were 
rea red . Within normal l i m i t s , f i shes a re known to a t t a i n optimum 
growth at g r e a t e r d i e t a ry p ro te in level a t h igher temperature 
than when they are maintained at lovrer temperature. Chinook 
salmon (Oncorhynchus tshawytscha) required food containing 407© 
pro te in at a water temperature of 8.3 0 but the p ro te in r e q u i r e -
ment for susta ining same r a t e of growth increased ~o 55% when 
the temperature was ra i sed to 14 C (Delong et_ al_, 195B), 
l i kewi se , channel c a t f i s h ( I c t a l u r u s -punctatus) s been reported 
to grow a t optimum r a t e when supplied 35^ pro te in t 20 G but 
needed 40^ protein food a.t 25°C (Dupree and Sneed 1966). For 
the common carp (Qyprinus carpio^ -.he optimum pr oein l e v e l i s 
38^ at 23^0 (Ogino find Saito 197(a^and for eel (Anguilla .japonica) 
M same i s 48/ at 25°C (Nose and Aral, 1972). H.rvMv :_2 L^— ' ^"' •^ '^ 
'JA3-TutG (1981) have s t r e s sed the need of incorporat ing non-prote in 
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energy in to a high protein d i e t t o increase the ove ra l l energy 
content of r a t i o n for deal ing with increased c a l o r i c r e q u i r e -
ments of f i s h at high temperatures . 
Total energy value of food including the proport ions of 
carbohydrate and fa t c a l o r i e s , besides prote in c a l o r i e s , determined 
the performance of the d i e t s . In t h i s study qual i ty of energy, 
however, seemed far more important . The most c a l o r i f i c d i e t with 
abundance of protein c a l o r i e s ( d i e t 'G') gave the best r e s u l t s . 
In times of maximum prote in requirements (ea r ly l i f e ) f a t s and 
carbohydrates ai-e e s s e n t i a l for t h e i r p ro te in - spar ing r o l e s . The 
pro te in i s spared for i t s primary function of growing and bui ld ing 
the body t i s s u e s . Findings of Pra ther and Lovell (1973) support 
t h i s view. These authors obc "ved "^  :at the a b i l i t y of the channel 
ca t f i sh to u t i l i z e prote in to 3 Jolain optimum growth v/as l im i t ed 
to 29% when t o t a l energy value of food was 220 Kcal/lOO g d i e t , 
and when energy level of d i e t was ra i sed to 286 Kcal/lOO g the 
f i sh u t i l i z e d \2% p ro te in food and grew f a s t e r . Other important 
f indings on rainbow t r o u t (Re in i tz e_t a l . 197b, Watanabe e_t a l . 
1979, Reini tz and Hitzel 1980), channel c a t f i s h (Murray _et_ a l . 
1977, Dupree e_t a3^. 1979) s t r iped bas s . Ho rone s a x a t i l i s 
(MilliVin 1983) indica te lorotein-sDaring ac t ion of f a t and 
emphasize the importance of l i p i d component of food in promoting 
d ie ta ry protein u t i l i z a t i o n for growth r a t h e r than for energy 
production. Sparing e f f ec t s of ca.rbohydrate and fat c a l o r i e s on 
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the need for prote in in ca tabo l ic processes assumes spec ia l 
s ign i f icance in f i sh n u t r i t i o n when capacity of the body to 
handle or ass imi la te p ro te in i s r e s t r i c t e d but demand of t h i s 
n u t r i e n t spuriously high fo r growth, maintenance or r e p a r a t i o n . 
In the l i g h t of information published by Mustafa (1976) on 
l i m i t a t i o n s of f i shes to deal with n u t r i e n t s r e l a t e d to the 
enzyme equipment, the amount of prote in ass imi la ted under such 
a c r i t i c a l s i t ua t i on i s indispensable and must be protected for 
enabling i t to perform i t s bas i c func t ions . Carbohydrates and 
fa t play the rescue ro le s and undergo combustion for the u n i n t e -
r rupted supply of energy. Sparing ac t ion i s , however, not extended 
to q u a n t i t i e s of prote in which e i t h e r exceed body's requirements 
or cross body's threshold fo r a s s imi l a t i on . Deamination of amino 
acid raw mater ia ls in excess and t h e i r e l iminat ion as axomonia in 
freshwater f i shes i s one of t h e most probable pathwa;;,'-s. Feeding 
add i t iona l amounts of p ro te in to f i sh w i l l , t he re fo re , not r e s u l t 
i n g r o w t h enhancement. Rather i t w i l l decl ine the PER., I t i s an 
undeniable fac t that carbohydrate i s the most r ead i ly u t i l i z a b l e 
source of energy than any other n u t r i e n t . I t a lso a ids the 
combustion of f a t s and t h i s function has been summed up by Wilson 
et a l . (1967) as ' f a t bums in a flame of ca rbohydra te ' , fo r vrhich 
no b e t t e r expression i s a v a i l a b l e . The same authors caution 
against complete exclusion of carbohydrate for fa t in d i e t 
inasmuch as t h i s wi l l enhance n i t rogen excre t ion , r e su l t i ng in 
negat ive nitrogen eqixilibriiim. However, when carbohydrate in 
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adequate amount i s a v a i l a b l e , f u r the r addi t ion of t h i s n u t r i e n t 
to the d i e t w i l l not improve i t s performance. This i s e x p l i c i t l y 
indica ted by the present s tudy. From the foregoing d iscuss ion 
i t i s p r e t t y cer ta in t h a t augmenting energy intake of f i s h feeding 
a fixed adequate prote in in the d i e t w i l l promote n i t rogen balance. 
These complex dietary i n t e r r e l a t i o n s emphasize the need of more 
experimental work on t h i s aspec t . 
Enrichment of d i e t by inorganic substances beyond about 
5.5% did not enhance the n u t r i t i o n a l qua l i ty of d ie t for f i s h . 
Supplementation of the d i e t by powdered egg s h e l l s ( d i e t 'A') 
can be dispensed with. Presumably, the remaining items of t h e 
formulated feeds and the aquat ic medium supply the required 
amount of minerals. Calcium, the most needed of the minera ls , 
occurs in water in ionizable form and en te rs t he f i sh d i r e c t l y 
through g i l l s . The so -ca l l ed chlor ide c e l l s of the g i l l s are 
perhaps involved in ac t i ve t r anspor t of calcium in f i shes which 
are hyperosmotic with respect to t h e i r medium. According t o 
Hastings (1979) the environment contrib^ites ionized mineral 
compounds and t h e i r exchange with bodj^ '^s metabol i tes t akes place 
by way of simple d i f fus ion , ensyraatic ac t ion , metabolic c a r r i e r s 
or specia l c e l l u l a r s e l e c t i o n . The amount exchanged must, however, 
be governed by the p r inc ip l e s of homeostasis. Fur ther , s ince 
calcium absorption improves w'th p ro te in l e v e l in the d i e t 
(Hegsted _e^  al_. 1952) i t i s c . t a i n t ha t the f i shes fed p r o t e i n -
r i ch d i e t s are in a pos i t ion '^ o make b e t t e r use of '^.he ava i l ab le 
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amoxint of m i n e r a l s . S u b s t i t u t i o n of e x t r a p r o p o r t i o n of i n o r g a n i c 
m a t t e r i n t h e d i e t by more n e e d e d , l e a s t - c o s t i n g r e d i e n t s w i l l 
i m p r o v e t h e r a t i o n q u a l i t y . 
SUMMARY 
Growth, f e e d e f f i c i e n c y , p r o i ' j i n e f f i c i e n c y r a t i o and food 
q u o t i e n t of t h e f ry of m a j o r c a r p G i r r h i n a m r i g a l a , s u p p l i e d 
t h r e e compounded d i e t s w e r e s t u d : ' c ' d . D i e t 'A ' c o m p r i s e d l i n s e e d 
o i l calce, wheat b r a n , s u g a r c a n e r o u g h a g e , h y a c i n t h m e a l , b l o o d 
meal and egg s h e l l ; d i e t ' B ' i n c l u d e d a l l t h e s e i n g r e d i e n t s 
e x c e p t h y a c i n t h m e a l , and d i e t ' C c o n t a i n e d o n l y l i n s e e d o i l 
c a k e , s u g a r c a n e r o u g h a g e and b l o o d m e a l . P r o p o r t i o n s of d i f f e r e n t 
componen t s were a l t e r e d r e s u l t i n g i n v a r i e d p e r c e n t a g e s of p r o t e i n 
( 4 5 . 5 - 5 0 . 7 ) f a t ( 0 . 9 5 - 1 . 3 5 ) , c a r b o h y d r a t e ( 4 0 . 1 - 4 3 . 3 ) , i n o r g a n i c 
m a t t e r ( 5 . 6 - 1 0 . 2 ) and t h e e n e r g y v a l u e ( 3 6 3 . 9 - 3 8 4 . 3 K c a l / l O O g ) . 
I n s t a n t a n e o u s growth r a t e , f e e d e f f i c i e n c y and p r o t e i n e f f i c i e n c y 
r a t i o i n c r e a s e d b u t food q u o t i e n t d e c l i n e d w i t h i n t a k e of d i e t a r y 
p r o t e i n and t h e n o n - p r o t e i n e n e r g y . Q u a l i t y of e n e r g y e n t e r i n g 
t h e body a p p r e c i a b l y i n f l u e n c e d t h e s e n u t r i t i o n a l p a r a m e t e r s . 
P r o t e i n s p a r i n g a c t i o n of c a r b o h y d r a t e and f a t comDonents o f 
t h e d i e t was c l e a r l y e v i d e n t . M i n e r a l s u p p l e m e n t a t i o n of f e e d s 
e x c e e d i n g 5.5% was f o u n d u n n e c e s s a r y . 
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CHAPTER III 
RNA ASD DNA OONCEHTRATIONS OF MAJOR GAKP OIRRHINA MRIGALA FRY 
FED COMPOUNDED DIETS 
INTRODUCTION 
T h i s s t u d y was des igned , t o d e t e r r a i n e t h e i n f l u e n c e of 
a r t i f i c i a l l y compounded d i e t s on n u c l e i c a c i d t u r n o v e r i n 
t i s s u e s of ma jo r c a r p G i r r h i n a rar i ,^a la f r y . Work embodied and 
revie'f'^f' n d e r C h a p t e r I I emphasi^.ed t h e i m p o r t a j i c e of RNA and 
DNA as u s Cul "b iochemica l t o o l s f o r e v ; i l u a t i n g th h e a l t h and 
n u t r i t i o n a l s t a t u s of f i s h . T h e r e i s , howeve r , ?- i ^ ' i e r a l 
p a u c i t y of l i t e r a t u r e on l a r v a l f i s h n u c l e i c a c i d s . Da t a 
p r e s e n t e d i n t h i s C h a p t e r f a m i l i a r i z e s w i t h new c o n c e p t s and 
s t r i k e s c a u t i o n a g a i n s t s y n o n y m i z i n g i n c r e a s e i n RNA/DNA r a t i o 
w i t h g r o w t h r a t e of f i s h . 
MATERIALS AlTD METHODS 
G i r r h i n a m r i g a l a f r y a v e r a g i n g 1 .35 i n l e n g t h aad 0 . 0 2 g 
i n body w e i g h t were r e a r e d i n c o n t i n u a l l y a e r a t e d l a b o r a t o r y 
a q u a r i a . T e m p e r a t u r e , pH and d i s s o l v e d oxygen c o n t e n t of t h e 
v / a t e r were 27 G, 7 . 5 , 4 . 5 - 4 . 7 ppm, r e s p e c t i v e l y . Two t y p e s of 
d i e t s 'A ' and ' 3 " ( v i d e 'A* and ' C : C h a p t e r I I ) vrere suDDl ied 
s e p a r a t e l y t o t h e two b a t c h e s , e ach of 100 s ioec imens . Unused 
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food was s i p h o n e d o f f d a i l y . A f t e r 30 d a y s of f eedin^-i, t h e f i s h 
were t a k e n o u t , r e c o r d e d f o r t h e i r w e i g h t , d e c a p i t a t e d and m u s c l e 
s a m p l e s were p r o c e s s e d f o r d e t e r m i n a t i o n of RNA and DNA c o n c e n -
t r a t i o n s a c c o r d i n g to t h e me thodo logy o u t l i n e d in Char i t e r I . 
HE3ULT3 ANU DI3CU,3oI0N 
Da ta on n u c l e i c a c i d c o n c e n t r a t i o n s i n t h e m u s c l e of 
C i r r h i n a m r i ^ a l a f ry ( ? i g - 1 Tab le I ) r e v e a l e d c o m p l e x i t y i n t h e 
t u r n o v e r b e h a v i o u r of t h e s e m a c r o r a o l e c u l e s . The p a t t e r n of c h a n g e 
i n HBA and DMA i n e a r l y l i f e h i s t o r y d i f f e r e d b a s i c a l l y from t h a t 
r e p o r t e d for a d u l t g rowing f i s h e s i n e a r l i e r c o m m u n i c a t i o n s 
( M u s t a f a a^iid J a f r i I'j'jS; M u s t a f a l ' )7"a , 1978) . I n d e e d , t h e a n a l y s i s 
o f g r o w t h s t a n z a s i n f i s h e s a t d i f f e r e n t p h a s e s of t h e i r l i f e shov;s 
p r o f o u n d v a r i a t i o n s i n t h e g r o w t h c h a r a c t e r d u r i n g t h e no rma l l i : " e 
s p a n . D i s c o r d a n c y i n t h e u n d e r l i n e d hj^ochemical p r o c e s s e s i s 
b e l i e v a b l e . Specimens of C i r r h i n a m r i g a l a m a i n t a i n e d on t h e d i e t 
' B ' which gave t h e b e s t of r e s u l t s i n t e r m s of g r o w t h , c o n v e r s i o n 
e f f i c i e n c y and p r o t e i n u t i l i z a t i o n had t h e l o w e s t c o n c e n t r a t i o n s 
o f RNA and DNA comnared t o t h o s e s u n n l i e d d i e t ' A ' . One n o s s i b l e 
r e a s o n may be t h a t i n t h e n o s t - l a r v a l s t a g e t h e h i g h r a t e of 
grovrth d o e s n o t n e c e s s a r i l y r e n u i r e an e q u a l l y "Past e p i g e n e t i c 
s y n t h e s i s of RNA. The nreform.ed RNA can be c r e d i t e d w i t h turning? 
o u t g r e a t e r q u a n t i t i e s of p r o t e i n e s s e n t i a l t o s u s t a i n g r o w t h . 
T h i s i m p l i e s t h a t t h e a v a i l a b l e Rl^ JA i s h a r d p r e s s e d b u t e : ^ f e c t i v e 
- 54 
in deal ing -rfith the p ro te in demands of growing f i s h . The 
requirement of addi t ional auantitie.'=; of RITA by wj^ y of gene-
derepression can thus be preempted/precluded by enhanced 
eff ic iency of the vario,..,^ J^/'oes of Rl^ IAs. V/hile Mustafa (1977rO 
reported gene-repression in c e l l s of ca t f i sh Clc-rias batrachus 
undergoing gonad bui ld ing, Mustafa and Shams (1979) observed 
gene-derepression in recovering sajnoles of t h i s sr>ecies ( l a r v a l 
s tage not i n v e s t i g a t e d ) . A comriarison of these f indings with 
the present r e s u l t s throws l i g h t on the possible change in the 
ef f ic iency of RNA to synthesize p ro te in during var ious s tages 
of l i f e . Obsei*vations embodied here s ignify t ha t e f f i c iency / 
potency i s higher in e a r l y l i f e ( l a r v a l / p o s t - l a r v a l s t a g e s ) . 
The information must be helpful in georontological s t u d i e s . 
Data published by Mustafa find Ja f r i (1977) and Mustafa 
and Zofair (1983) elaborated t h a t the quanti ty of p ro te in a r i s ing 
ep igene t i ca l ly depends upon n u t r i t i o n a l value of the d i e t , espe-
c i a l l y the proportion of p ro te in . In the processing techniques 
adopted for the present study the dehydration, defa t tening and 
removaJ. of ac id-soluble substances were so thorough tha t p ro te in 
was the cons t i tuent t ha t mainly remained in the muscle samples. 
Since actual reduction in DNA content of c e l l s of f i sh provided 
n u t r i t i o n a l l y superior d ie t i s ur .believable, there i s every 
reason to a t t r i b u t e the decl ine in DMA concentrat ion (amount/unit 
weight of t i s sue ) to increased nercentfage o+' p ro te in and hence 
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' d i l u t i o n ' of t h e n u c l e i c a c i d s . The r e d u c t i o n i n DKA c o n c e n -
t r a t i o n o u t w e i g h s even t h e i n c r e a s e i n c e l l u l a r DITA t o c o n t r o l 
l a r g e r volume ' f c y t o p l a s m i n groviing and more r o b u s t c e l l s . 
M u s t a f a ( l 9 7 " ' a , 1 9 7 8 ) h a s c o n v i n c i n g l y e x p l a i n e d s u c h a n u c l e a r 
DNA-cy top las . i c volume r e l a t i o n s h i p and t h e e p i g e n e t i c o r i g i n 
i n s e v e r a l s p e c i e s of t e l e o s t s . I t i s h e r e t h a t t h e d i f f e r e n -
t i a t i o n of ' c a u s e - a n d - e f f e c t ' r e l a t i o n s i n m o l e c u l a r b i o l o g y 
a s sumes i m p o r t a n c e . The i n t e r p r e t a t i o n c e n t e r s on n u c l e a r DNA. 
The e x t r a n u c l e a r DNA and i t s r o l e i n p r o t e i n b i o s y n t h e s i s c a n 
n o t , hov/ever , be r u l e d o u t . K l e i n e_t a l . ( 1 9 6 2 ) c o n c l u d e d t h a t 
t h e e x t r a n u c l e a r DNA i s i n v o l v e d i n a c t i v a t i o n of t h e s y n t h e s i s 
of r e q u i r e d t y p e of p r o t e i n from t h e i n a c t i v e n a t i v e p r o t e i n s of 
t h e c e l l s . M u s t a f a tmd M i t t a l ( 1 9 8 4 ) h a v e e n d o r s e d t h i s v i e w . 
F u r t h e r r e s e a r c h i s n e e d e d t o u n d e r s t a n d i f t h i s c y t o p l a s m i c DNA 
i s t h e one which i s ex t ru .ded o u t of t h e n u c l e u s a f t e r i t c r o s s e s 
t h e a c c o m o d a t i n g c a p a c i t y and t o know i t s modus o p e r a n d i . 
SUMMARY 
C o n c e n t r a t i o n s of RNA and DNA i n G i r r h i n a m r i g a l a f r y 
s u o p l i e d two k i n d s of compounded d i e t s , 'A ' ( l i n s e e d o i l calce , 
wheat b r a n , s u g a r c a n e r o u g h a g e , b l o o d m e a l , egg s h e l l i n t h e 
r a t i o 3 0 : 2 5 : 1 2 : 3 0 : 3 ) and '^V ( l i n s e e d o i l c a k e , s u g a r c a n e 
r o u g h a g e , b l o o d meal i n t h e p r o p o r t i o n , 5 0 : 4 0 : 1 0 ) were e v a l u a t e d . 
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Response of nucle ic acid con ten t /un i t weight of t i s s u e in the 
l a r v a l fish was b a s i c a l l y d i f f e ren t from tha t of the a d u l t . 
SSA and D'iHA concentrat ions were lower in fry fed died 'B ' corapared 
to those of the other hatch. Resul ts implied a higher ef f ic iency 
of RITA in protein b iosynthes is at l a r v a l s tage, but did not 
i n d i c a t e actual reduction of c e l l u l a r DNA content by d ie ta ry 
manipulat ions . 
Fig . 1. Concentrations of RNA(white bars) and DNACblack bars) 
in the muscle of Qirrhlna mrigala fry fed d i f ferent 
d i e t s . Ver t i ca l l i n e s ind ica te standard e r r o r of 
mean. 
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TABLE - I . H u o l e i c a c i d c o n c e n t r a t i o n s i n t h e m u s c l e of Q i r r h i n a 
m r j g a l a f e d a r t i f i c i a l f e e d s (A, B) 
D i e t s MA, i ig/100 mg DNA, ug/lOO mg R N A / M A 
A 1 0 0 3 . 0 4 + 1 3 . 7 3 3 3 7 . 2 5 + 1 6 , 8 4 2 . 9 7 4 
B 828 .96 + 1 1 . 7 6 3 1 3 . 5 + 2 0 . 2 1 2 . 6 4 4 
CHAPTER IV 
DYNMIC EFFECTS OF DIETARY PROTEIN, CARBOHYDRATE AliD FAT ON 
GROWTH AIID NUCLEIC ACID CONCENTRATIONS IN MAJOR CARP 
CIRRHINA l^ -IRIGALA FRY 
INTRODUCTION 
Food and r e l a o e d a s p e c t s of c a r p s h a v e b e e n worked upon 
toy v a r i o u s a u t h o r s (Mooke r j ee 1 9 4 4 , A l i k u n h i 1 9 5 2 , Das and 
M o i t r a 1 9 5 5 , Y a s i s h t I 9 6 0 and George 1 9 6 5 ) . The z o o p l a n k t o n 
form t h e main food of c a r p spawn ( A l i k u n h i 1 9 5 1 , 1 9 5 2 ; K i t r a 
and M o h a p a t r a 1956 and M i t r a and Das 1 9 6 5 ) . The p l a n k t o n c roDs 
d e v e l o p i n g i n n u r s e r i e s a r e u s u a l l y d e r ) l e t e d w i t h i n a few d a y s 
a f t e r spawn i s i n t r o d u c e d ( A l i k u n h i 1 9 5 7 ) . The d i e t a r y r e q u i r e -
ment of p l a n k t o n may be s o h i g h t h a t even n o r m a l manur ing of 
t h e pond somet imes f a i l s to r a i s e a d e q u a t e c r o o s of t h e s e 
o r g a n i s m s f o r s t o c k e d f i s h . Supp ly of a r t i f i c i a l f e e d t h u s 
becomes i m p o r t a n t . S e v e r a l p r o d u c t s can b e compounded f o r a 
c o s t - e f f e c t i v e a r t i f i c i a l d i e t . I n t h i s s t u d y a new i t e m i n 
t h e form of meal of an i n s e c t p e s t of paddy ( H i e r o g l y p h u s 
n i g r o r e p l e t u s ) was s u p p l i e d t o G i r r h i n a m r i g a l a f r y t o a s c e r t a i n 
i t s e f f i c a c y a s f i s h f e e d . R e s u l t s were compared w i t h o t h e r 
k i n d s of d i e t a r y c o m b i n a t i o n s . The p e r f o r m a n c e of v a r i o u s d i e t s 
t h r o u g h t h e P r o t e i n E f f i c i e n c y R a t i o , Growth R a t e , Feed C o n v e r s i o n 
E f f i c i e n c y and Food Q u o t i e n t was a s s e s s e d . The c a r b o h y d r a t e 
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l i : o i d r a t i o which seems a d e q u a t e f o r grov/ th p ro rao t ion was d e t e r -
m i n e d . The n e c e s s i t y of u s i n g a b a l a n c e d d i e t i n f e e d i n g t r i a l s 
h a s a l s o "been o u t l i n e d . A n a l y s i s of RITA and DNA c o n c e n t r a t i o n s 
i n f i s h t i s s u e was c a r r i e d o u t f o r a c c u r a t e e v a l u a t i o n of t h e 
h e a l t h and n u t r i t i o n a l s t a t u s of f i s h . 
MATERIALS AMD METHODS 
P i n g e r l i n g s of major c a r p G i r r h i n a m r i ^ a l a ( t o t a l l e n g t h 
6 . 5 - 1 7 . 5 cm, body w e i g h t 1 4 - 2 8 g) were o b t a i n e d from A l i g a r h . 
These were b r o u g h t t o t h e l a b o r a t o r y t a n k s and a c c l i m a t i s e d f o r 
a p e r i o d of 3 d a y s d u r i n g which t h e y were r e a r e d on l i n s e e d o i l 
c a k e . The d i s s o l v e d oxygen c o n t e n t , pH and t e m p e r a t u r e v/ere 
4 . 5 - 4 . 7 ppra, 7 . 5 snd 25 -26 C, r e s p e c t i v e l y . P i s h e s were g r o u p e d 
r andomly i n t o 6 b a t c h e s c o m p r i s i n g 20 i n d i v i d u a l s e a c h . ""rfhile 
50% l i n s e e d o i l cake was p r e s e n t i n a l l t h e d i e t s , t h e o t h e r 
h a l f (50%) c o n t a i n e d d i f f e r e n t k i n d s of minced s o m a t i c t i s s u e s : 
I r - p ' r ( A ) , meat ( 3 ) , s p l e e n ( C ) , i n t e s t i n e ( D ) and t h e b l o o d meal 
( E ) . I n d i e t - F t h e meal of paddy p e s t was u s e d . The c o n s t i -
t u e n t s of t h e v a r i o u s d i e t s and r e s u l t s of t h e i r c h e m i c a l a n a l y s i s 
hav,; ^oeen t a b u l a t e d ( T a b l e s I , I I ) . The f i s h were fed a t t h e r a t e 
of t°o of t h e i ' ody w e i g h t . F e e d i n g r a t e was d e c i d e d a f t e r 
p r e l i i n i n a r y tj'l2i .3. The f e e d i n g t r i a l l a s t e d f o r 4 weeks d u r i n g 
whic-i t h e wate. . vfas s i p h o n e d off' d a i l y and t h e u n u s e d food 'was 
r emoved . Feed ing was s t o p p e d a day b e f o r e t h e f i s h were t o b e 
s a c r i f i c e d f o r t h e s t u d y . They were removed and r e c o r d e d 
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f o r l e n g t h and weigh t . Formulas used fo r c a l c u l a t i o n of I&R, 
PCE, PER, FQ, have been embodied i n Ghap te r j l and I I . The 
specimens were d e c a p i t a t e d , and t h e t i s s u e samples were p roces sed 
fo r b iochemical assays and f u e l v a l u e accord ing to t h e methodology 
o u t l i n e d in Chapter I I . 
RESULTS 
Data embodied in Table I I I b e a r ^ w i tnes s t o t h e b e s t 
performance of d i e t - F ; h i g h e s t v a l u e s were o b t a i n e d f o r FOE 
( 4 2 . 8 6 ) , pe rcen tage ga in i n body we igh t , G (115 .4 ) and IGR i?.19). 
With o t h e r d i e t s t h e growth of t h e carp was i n t h e o rder tB (Gr:96.1, 
FCE:34.31 , IGR:1 .92) ; A ( G : 7 5 . 2 , ' ] :26 .85 , I G R : 1 . 6 ) ; E (G:60 .4 , 
FCE:24.43, i a R : 1 . 4 9 ) ; C ( G : 3 9 . 7 , FOE; 1.3.96, IGR:0 .955) ; D ( G : 2 8 . 6 , 
FCE:10.20, IGR:0 .72) . P r o t e i n e f i i . , i - n c y r a t i o (PER) demons t ra ted 
a v a r i e d p a t t e r n wi th h i g h e s t v a l u e i n s p e c i e s fed d i e t - B ( 0 . 9 6 ) , 
fo l lowed by ' F ' ( 0 . 8 9 ) , 'A' ( 0 . 7 7 ) , ' E ' ( 0 . 7 2 ) , ' C ( 0 . 4 6 ) , 
•D' ( 0 . 3 5 ) . Food q u o t i e n t ma in ta ined a r e l a t i o n r e c i p r o c a l to 
growt' i and convers ion e f f i c i e n c y ; t h e v a l u e s o b t a i n e d wi th 
d i f f e r e n t d i e t s were: 'F« ( 2 . 3 3 ) , ' 3 ' ( 2 . 9 1 5 ) , 'A' ( 3 . 7 2 ) , 
•E* ( 4 . 0 9 ) , ' C ( 7 . 1 6 5 ) , 'D ' ( 9 . 8 ) . 
Condi t ion f a c t o r was in conformity wi th the growth y i e l d i n g 
e f f i c i e n c y of t h e d i e t , be ing h i g h e s t (1 ,24 ) i n f i s h ma in t a ined 
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on d i e t - F. In ba t ches fed d i e t s 3 , A, E, U, J t h e v a l u e s were 
1 .18 , 1 .17, 1 .14, 1 .11 , 0 .904 , r e s p e c t i v e l y . The chemical 
composi t ion and energy v a l u e s of the d i e t s i n d i c a t e d t h a t a 
p r o t e i n poor and f a t r i c h d i e t f a i l e d to promote growth and the 
r e s u l t was nowhere iiear a high p r o t e i n - l o w c a r b o h y d r a t e d i e t 
i n Q i r r h i n a m r i ^ a l a . 
I n c r e a s e s i n MA c o n c e n t r a t i o n and RNA/DNA r a t i o were 
c l o s e l y r e l a t e d to growth r a t e of t h e f i s h and as such t h e v a l u e s 
were h i g h e s t i n F - d i e t r e a r e d f i s h and fol lowed t h e o r d e r : ' P ' - ' B ' 
• A ' - ' E ' - ' C ' - ' D ' (F ig . 1, Table I V ) . DNA c o n c e n t r a t i o n showed an 
i n v e r s e p a t t e r n ; h i g h e s t i n D-batch, lowest i n ' F ' and then i n 
t h e sequence ' C - ' 3 ' - ' A ' - ' B ' . 
DISCUSSION 
Die t s comprising s t u f f s from both animal and p l a n t s o u r c e s 
(50 :50) were supp l ied to major ca rp G i r r h i n a m r i g a l a f o r d i s c e r n i n g 
1) t h e e f f i c a c y of feed u t i l i z a t i o n 2) n u t r i t i o n a l v a l u e of d i e t a r y 
i n g r e d i e n t s and 3) r e s u l t i n g n u c l e i c ac id c o n c e n t r a t i o n . The 
n u t r i t i o n a l s u p e r i o r i t y of d i e t - F became c l e a r l y ev iden t by t h e 
r e s u l t s of i n s t a n t a n e o u s growth r a t e , p e r c e n t a g e g a i n in body 
we igh t , food convers ion e f f i c i e n c y , p r o t e i n e f f i c i e n c y r a t i o and 
c o n d i t i o n f a c t o r . The n u t r i t i o n a l g a i n s seemed to be d i r e c t l y 
- 61 -
r e l a t e d to the level of p ro te in supplied, to the f i s h . 'i//hen 
pro te in formed as much as 48.09^ of the d i e t the growth r a t e 
was h ighes t . The t e s t specimens were jus t two months old at 
the commencement of the feeding t r i a l and i t i s well known 
(NAS-IIRG 1973) tha t p ro te in requirement i s high a t such an ear ly 
s tage of l i f e . I t has been evidenced e a r l i e r t h a t increas ing 
d i e t a ry pro te in l e v e l s lead to b e t t e r weight gains per u n i t 
weight (Cowey and Sargent 1972 :p la ice ) , promotion of growth r a t e 
(Delong et a l . 1958:Chinook salmon), and asymptotic gain in 
ef f ic iency of prote in r e t en t i on (G-erking 1971:b lueg i l l sunfish, 
Savitz. _e;t a l . 1977:largemouth bas s ) . The pro te in requirement i s 
a complex parameter t h a t r epresen t s the needs for a l l of the 
indispensable amino acids plus the needs for d i e t a ry n i t rogen 
(Burns e_t a l . 1982). Carps requi re as much as 58.9^ p ro te in 
according to Cowey and Sargent (1979); salmonids require 50^ ^ 
during i n i t i a l feeding s tages of fry (NAS-NRG 1973), channel 
ca t f i sh fry need a minimum of 40% pro te in (Andrews 1977, NAS-NHG 3977! 
Pro te in requirement of t i l a p i a s vary from 29-56^ (Gr-az and 
Laudencia 1977, Davis and Stickney 1978, Mazid e_b a l . 1979, 
V/infree and Stickney 1981, Jauncey and Ross 1982). While the 
higher proportion of d i e t a ry pro te in produced b e t t e r growth 
r a t e in d ie t - :;' fed batch, the lower p ro te in l eve l in *3 ' 
provided g r ea t e r protein ef f ic iency r a t i o . Findings of Ogino 
ai Sai to (1970a,b), Cowey et_ a l . (1972), Andrews (1977), 
Kpnazawa et a l . (1980), JaiHicey (1982) and Mi l l i k in (1983) 
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support t h i s view. The non-prote in sources ( f a t , carbohydrate) 
could have contr ibuted towards u t i l i z a t i o n of p ro te in to a 
c e r t a i n extent . However, increas ing the fat concentrat ion of 
the d i e t -F to about 4.5 times more t r - n 'B ' did not improve the 
pro te in eff iciency r a t i o of the former, but a b e t t e r growth r a t e 
ind ica ted the protein snaring ac t ion of the n u t r i e n t . In f i s h 
fed p ro te in poor-fat r i ch d i e t a downward t rend in growth was 
observed and was in the o r d e r : ' A ' - ' E ' - ' C " - ' D ' . Perhaps the small 
amount of prote in ingested was not enough to enhance the n i t rogen 
r e t e n t i o n . In coro l la ry , Jobling and Spencer (1980) have shown 
high PBRs with increasing d ie t a ry p ro te in leve l on p la i ce 
Pleuronectes p la tessa . I t i s obvious t ha t properly balanced d i e t 
formulated taking in to acccuj-it n u t r i e n t requirement of f i shes 
i s necessary for diversion of pro te in fo r i t s primary purpose 
and for i t being spared by the voluntary supply of o ther energy 
n u t r i e n t s . Perhaios i f the l i p i d t - cf^rbohydrate r a t i o s could be 
increased in low prote in feeds, f a s t e r growth r a t e s could be 
observed. This aspect has been suggested e a r l i e r by Mi l l ik in 
(1983) woifcing on s t r iped bass . In the T)resent study d i e t - F 
with highest prote in but lowest f a t percentages gave the best 
r e s u l t s . Similar findings have been obtained by Cowey e_t a l . 
(1975) on p la ice Pleuronectes n l a t e s s a where d ie t containing 
l e s s than 25)t carbohydrate demonstrated pro te in soaring ac t ion 
but when t h i s level was increased t h e r e was a no t iceab le cessa t ion 
of the prote in sparing ac t ion . After the eff ic iency of l inseed 
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oil cake was established (Chapters II, III), its :ise was continued 
in this study where this product represented the vegetable source 
(50^) of each diet. Accordin • to Huet (1972) ajnin. .1 protein gives 
a better conversion rate than vegetable protein. The use of 
animal protein is important bu if this protein \ ; to be obtained 
from the commercially available products the costs would be high. 
Minced meat and liver tissue of buffalo are acceptable feed 
stuffs for carnivorous fish. ^Taen compared to slaughter house 
refuse and Hieroglyphus nigrorepletus meal, the efficacy of the 
various diets were better understood. Spleen, rich in protein 
and vitamins, has been used earlier with appreciable results 
and is known to be replaced by liver. The insect meal (!*'; 
produced growth rate even higher than that resulting from minced 
meat or liver of buffalo. This is not surprising considering 
the spuriously high (48.09^) protein content of diet-P. Blood 
meal, though low in minerals, has a ligh protein c&ntent and thus the 
growth rate was lower only to the body weight gains seen with 
feeding the insect meal, minced meat and liver. Intestine of 
buffalo tried for the first time did not indicate a high nutri-
tional gain. DxetojCY protein is converted by enzymatic hydrolysis 
to its constituent amino acids and is usually readily absorbed 
through the gut wall into the blood stream. Since protein can 
not be stored in the body an inadequate supply becomes quickly 
noticeable. Fish meal has been generally used as a source of 
animal protein. The replacement of fish mep^ l by protein from 
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o ther animal soircces and by the veget^,ole pro te ins has been 
attempted by Tiews et_ a l . (as quoted by Tanner and Schmidtborn 
1970). The saae authors have also inves t iga ted the ac t ion of 
var ious carbohydrate and f a t sources . Effect of pro te in of 
var ious animal sources (compounded in the feeds) on f i s h has 
been worked out by several o ther authors ; Paixao find Greach 
(1982) observed the influence of n ine alimentary d i e t s ; Akiyama 
et a l . (1984) supplied chum salmon fiy vrith silkworm pupae, dried 
beef l i v e r and k r i l l meat and no s i g n i f i c a n t difference in body 
chemical composition was no t i ced ; Evensen and Kruse (1982) 
observed the effect of feeding processed t i s s u e s of bul l f rog 
la rvae on la.rgeraouth bass and i^'oltz _ejt al^. (1982) evaluated 
t i l a p i a as a s u i t a b l e source of fish raesd for salraonid a i e t s . 
Nucleic acid concent ra t ions were studied to a sce r t a in the 
growth character of Cirrhina mrigala supplied difx'^erent feeds . 
Snha,nceracnt in the value of the various parameters applied for 
evaluat ing n u t r i t i o n a l stati,is ( e . g . ?GS, PER, IG-R, If, e t c . ) was 
accompanied by a Pa ra l l e l r i s e in the PITA concentrat ion in 
muscle t i s s u e . Diet-F contai^i^''^ highest prote in concent ra t ion 
also resu l ted in l a r g e s t concentrat ion of RNA in f l e sh . I t i s 
vrell known that RIJA i s involved in prote in b iosyn thes i s and i s 
mainly responsible for grovrth and robustness of the Tish. 
Insofar as the period of most rapid growth of f ishe occurs 
in the pre-maturi ty s tage , the increase in the leve l of PIJA 
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i s absolute ly necessary for turning out su f f i c i en t amount of 
pro te in to maintain the growth process ( 3ulow 1970). E a r l i e r 
work (Bulow 1970, Buckley 1979, 1980) fumishin,? da ta c o r r e l a t i n g 
RNA and prote in concentrat ions of f i sh t i s s u e s with i -jreasing 
feeding ra te focussed on RNA as template and organizer for p ro te in 
b iosyn thes i s . There i s thus no doubt t h a t with the l o s s of RNA 
from c e l l s , r a t e of pro te in synthes is i s cu r t a i l ed and l i m i t a t i o n 
im.posed on c e l l u l a r grovrth. The close r e l a t i o n between the amount 
of food consumed and RIlA l eve l s of t i s s u e s has been dea l t with 
in the past (Brachet 1955; Les l i e 195';; Bulow 1970, 1971; 
Mustafa 1977b; Buckley 1979, 1980; Mustafa • I Mi t t a l 198; a.). The 
DKA maintained a rec iprocal r e l a t i o n v/ith grow-h r a t e , pro ein 
in take and fflJA concentrat ion. The decline of JA^A Cfm be a t t r i b u t e d 
to the fact t ha t during ep igenet ic synthesis >f pro te in in the c e l l 
cytoplasm there i s a ' d i l u t i on* of DNA and t h i 3 goes on as the 
c e l l s become more voluminotxs and heavier . A -osse r number of 
such c e l l s can form a. un i t weight of t i s s u e sample compared to 
the c e l l s of smaller weight, Considering the s t a b i l i t y of MA 
the d i f ferences in RNA-DIIA r a t i o must invar iably im.r)ly changes 
in the c e l l cytoplasm. In the present study ind iv idua l s with 
high R:tIA-DWA r a t i o s were found t o ac t i ve ly synthesize and accu-
mulate prote in and grow f a s t e r thnn the ones with low r a t i o s 
and s tunted growth. RllA-DNA becomes a r e l i a b l e tool in es t imat ing 
the growth and eff ic iency of u t i l i z a t i o n of the various feeds by 
the f i s h . 
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C i r r h i n a m r i g a l a f r y were r e a r e d on compcunded d i e t s , h a l f 
of which was o b t a i n e d from p lamt ( l i n s e e d o i l C8ke) and t h e o t h e r 
h a l f f rom an imal s o u r c e . S p e c i m e n s r e a r e d on d i e t - P ( i n s e c t m e a l ) 
p r o d u c e d t h e h i g h e s t grov/ th r a t e and c o n v e r s i o n e f f i c i e n c y . The 
p e r f o r m a n c e was f o l l o w e d by d i e t - B (minced m e a t ) , d i e t - A ( l i v e r ) , 
d i e t - E ( b l o o d ) , d i e t - G ( s p l e e n ) and d i e t - D ( i n t e s t i n e ) . The 
food q u o t i e n t m a i n t a i n e d a r e c i p r o c a l r e l a t i o n . Growth was 
h i g h e s t when p r o t e i n fo rmed a s much a s 4 8 . 0 9 ^ of t h e d i e t . 
I n c r e a s e i n t h e f a t c o n c e n t r a t i o n of d i e t - F t o abou t 4 .5 t i m e s 
more thar^ - l i e t -B d i d n o t i m p r o v e t h e p r o t e i n e f f i c i e n c y r a t i o of 
t h e formei- , b u t a b e t t e r g r o w t h r a t e i n d i c a t e d t h e p r o t e i n 
s p a r i n g a c t i o a of t h e n u t r i e n t . I n f i s h fed low p r o t e i n b u t f a t -
r i c h d i e t a downward t r e n d i n g rowth v^as o^ f^ e . ' ved . I n t h e p r e s e n t 
s t u d y i n d i v i d u a l s w i t h h i g h RNA c o n c e n t r a t i o . and RNA/DNA r a t i o 
were found t o a c t i v e l y s y n t h e s i z e and a c c u m u l a t e n r o t e i n and grow 
f a s t e r t h a n t h e ones w i t h low r a t i o s and s t u n t e d g r o w t h . The 
RNA/DNA r a t i o emerged a s a r e l i a b l e t o o l f o r e s t i m a t i n g t h e 
g r o w t h and e f f i c i e n c y of u t i l i z a t i o n of v a x i o u s f e e d s by t h e 
f i s h . 
' i g . 1 . Goncentrations of SNA(white bars) and DNil(blaclc ba r s ' 
in the muscle of Qirrhina mrigala fry fed d i f fe ren t 
d i e t s . Ver t ica l l i n e s ind ica te standard e r ro r of 
mean. 
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TABLE - I. Proportions of ingredients in artificial feeds 
Feeds 
Ingredients 
50 g 50 g 
A Liver Linseed oil cake 
B Minced meat Linseed oil cake 
C Spleen Linseed oil cake 
D Intestine Linseed oil cake 
E Blood Linseed oil cake 
P Insect meal Linseed oil cake 
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TABLE - IV . IMucleic a c i d c o n c e n t r a t i o n s i n m-uscle of ^-|-- - h i n a 
m r i g a l a s u p n l i e d a r t i f i c i a l f e e d s ( A , B , C , D , E , F ) 
D i e t s RilA, lig/lOO mg ONA, u g / 1 0 0 mg RNA/DNA 
A 
D 
E 
P 
1 2 1 4 . 4 2 5 + 2 2 . 3 1 
1 2 6 0 . 0 2 + 3 0 . 7 1 
1 0 7 6 . 2 7 + 2 0 . 1 5 
9 8 0 . 9 3 5 + 1 7 . 5 8 
1 0 8 6 . 8 6 + 2 2 . I f 
1484 .76 + 3 7 . 6 0 
5 3 9 . 1 2 5 + 2 6 . 9 7 5 
5 0 9 . 8 3 0 + 1 1 . 4 2 0 
6 2 3 . 8 3 3 + 2 7 . 0 6 0 
6 4 8 . •^'-75+12. 490 
5 3 9 . 3 7 5 M 9 . 6 9 0 
4 4 4 . 1 2 5+ 8 . 9 9 0 
2 . 2 5 
2 . 4 7 
1 . 7 2 5 
1 . 5 1 3 
2 . 0 1 5 
3 . 3 4 
CHAPTER V 
UTILIZATION MD NUTRITIONAL EFFICACY OF COST-EFFECTIVE RAW MATERIALS 
IN ARTIFICIAL FEEDING OP CARP CYPRINUS GARPIO 
INTRODUCTION 
Under c e t a i n c o n d i t i o n s s u p p l y of certain n u t r i e n t s i n 
e x c e s s becomes u n p r o f i t a b l e and m i g h t even p r o d u c e a d v e r s e 
e f f e c t s on t h e f i s h . A c c u r a t e a s s e s s m e n t of f i s h g r o w t h and a 
k n o w l e d g e of t h e d e p o s i t i o n of in f^es ted n u t r i e n t s a r e e s s e n t i a l 
t o t h e management of any f i s h e r y ( P a l o V i e i m o and D i c k i e 1965, . 
1 9 6 6 a , b ) . T h i s s t u d y was c o n d u c t e d on comraon c a r p G y p r i n u s 
c a r p i o t o a s c e r t a i n t h e a c t u a l amount of t h e e s s e n t i a l n u t r i e n t s 
r e q u i r e d f o r f a s t e r g r o w t h . C y p r i n u s c a r p i o i s an e x o t i c s p e c i e s 
and h a s shown c o m p a t a b i l i t y w i t h i n d i g e n o u s major c a r p s . S t u d i e s 
on i t s n u t r i t i o n a l a s p e c t s a r e i m p o r t a n t i n e x p l o i t i n g t h e r e s u l t s 
f o r b e t t e r y i e l d . The o b s e r v a t i o n s on f e e d c o n v e r s i o n , p r o t e i n 
u t i l i z a t i o n e f f i c i e n c y , g r o w t h and e n e r g e t i c s h e l p e d i n d e t e r -
m i n a t i o n of a c t u a l e x t e n t of t u r n o v e r of compounded f e e d s i n t o 
f i s h f l e s h . 
MATERIALS AND METHODS 
F r i e s of G y p r i n u s c a r p i o ( t o t a l l e n g t h 2 . 1 - 4 cm, body we igh t 
0 . 1 2 - 0 . 9 8 g) were o b t a i n e d from F i s h e r i e s F i e l d S t a t i o n , Agra 
and a c c l i m a t e d t o l a b o r a t o r y c o n d i t i o n s f o r a week . D u r i n g t h i s 
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period they were fed l i n seed o i l cake and frog of fa l meal (50:50) , 
Water was changed da i ly and t h i s process siphoned out t he rinused 
food. Temperature during the e n t i r e feeding t r i a l ranged between 
28-31 G. Dissolved oxygen content was 4.5 ppm and pH was 7 . 5 . 
The fish were then grouped randomly into three s e t s of 75 i n d i -
v idua l s each. The batches were separa te ly provided th ree 
compounded d i e t s A, B and C (vide Tables I and I I for iDhysical 
and chemical composition) at the r a t e of AX of body weight. The 
t r i a l feeding duration was 4 weeks. The f i sh were then measured 
for t h e i r length and weight. Instantaneous Growth Rate, Pood 
Conversion Efficiency, Pood Qi t i e n t . Prote in Efficiency Ratio 
and t h e Physiological Fuel Valu • of the energy n u t r i e n t s were 
determined according to the mevaods iescr ibed in Chapter I I . 
The de t a i l s of processing the feeds comprising l i n s e e d 
o i l c j ^ e , f i sh of fa l , frog o f f a l , b i t -d meal, wheat bran and 
water hyacinth meal have been embodied in Chapter I . 
Pro te in was assayed by the method of Lowry et_ a l . (1951). 
Fat was ext rac ted from d ie t samples by the help of soxhlet 
apparatus where petroleum e t h e r (boi l ing point 40-60 G) was 
used as so lvent . Both fa t and ash were ca lcu la ted on percent 
b a s i s and carbohydrate content evaluated according to the r a l e -
of-thumb technique adopted by Mustafa and J a f r i (1978), 
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RESULTS 
Table I I I embodies d a t a an n u t r - i t i o n a l performance of 
the two f e e d s . Diet-A performed b e t t e r compared t o B - d i e t . 
In t h e 4-week feed ing t r i a l the PGE, PER, I&R, d a i l y g a i n s i n 
body weight were a l l g rea , t e r i n A-ba tch . The FQ m a i n t a i n e d a 
r e c i p r o c a l r e l a t i o n . The growth r a t e d id not rec iproGa. te i n 
an o r d e r s i m i l a r t o p r o t e i n i n t a k e . Diet-A was p o o r e s t i n 
p r o t e i n (19.3Z) ^^"t gave b e s t r e s u l t s . P e r c e n t a g e g a i n i n 
body weight of f i s h fed d i e t - A was around 1.5 t imes t h a t i n ' B ' 
( p r o t e i n 28^) . The food c o n v e r s i o n , a s s i m i l a t i o n and growth i n 
£ . c a r p i o were in f luenced c o n s i d e r a b l y by t h e p r o p o r t i o n of 
c a r b o h y d r a t e a f t e r the f i s h r e c e i v e d maximum a s s i m i l a b l e p r o t e i n . 
Th is accoun t s f o r t h e g rowth-promot ing r o l e of d i e t - A wi th a s 
much as 6 4 . 3 ^ ca rbohydra t e i n compar ison wi th 5 0 . 8 ^ of t h i s 
d i e t a r y i n g r e d i e n t i n ' B * . The c a r b o h y d r a t e c o n t e n t of d i e t - A 
compensated f o r i t s poor amoiint of f a t . The amount of energy ente-
r i n g t h e Dody was a l so seen to e f f e c t t h e f a t e of food i n t h e 
f i s h body. Higher l e v e l of d i e t a r y c a l o r i e s favoured b e t t e r 
a s s i m i l a t i o n and g a i n s i n body we igh t . The s i g n i f i c a n c e of t h e 
q u a l i t y of energy to the f i s h v i s - a - v i s i t s g e n e r a l h e a l t h and 
r o b u s t n e s s appeared t o be i n t h e o r d e r s i m i l a r t o t h e b i o l o g i c a l 
impor tance of t h e energy s o u r c e s . Carbohydra te was found t o be 
more impor tan t in a p redominant ly h e r b i v o r o u s f i s h . I n o r g a n i c 
s u b s t a n c e s exceeding 1 3 . 5 ^ of t h e d i e t d i d not improve conve r s ion 
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of food i n t o f l e s h and h i g h e r q u a n t i t i e s were seen to be 
i m n e c e s s a r y . 
DISCUSSION 
The e f f e c t of m a i n t a i n i n g 2* c a r p i o on t h e d i f f e r e n t 
compounded d i e t s r e v e a l e d t h e r e l a t i v e impor tance of d i f f e r e n t 
energy n u t r i e n t s in augmenting growth . Diet-A vzith l a r g e r 
p r o p o r t i o n of c a r b o h y d r a t e (64.3%) and lower p r o t e i n concen -
t r a t i o n (19.3%) r e s u l t e d i n h i g h e r FCE, PER and s t r i k i n g l y 
f a s t e r growth. I t becomes c l e a r t h a t in f i s h which i s n o t used 
to t a k i n g a s p u r i o u s l y h igh p r o t e i n d i e t , t h e enr ichment of t h e 
feed wi th p r o t e i n does no t n e c e s s a r i l y g i v e p o s i t i v e r e s u l t s ; 
i n f a c t as seen i n 0. c a r p i o i t reduced t h e FCE, PEK and IGR. 
Higher food convers ion e f f i c i e n c y wi th lower dietarj?- p r o t e i n 
has a l so been observed by S a t i a (1974) on rainbow t r o u t and 
Davis and S t ickney (1978) on b l u e t i l a p i a . Concordant v iews 
have a l s o been expressed by Anderson e_t aJL_. (1981) working on 
sraallmouth bas s and by M i l l i k i n (1983) who examined per formance 
of d i e t s in s t r i p e d b a s s . The impor tance of ba l anced d i e t i s 
obv ious ; mere supp lemen ta t ion of feed by p r o t e i n may not c a t e r 
t o f i s h s * r e q u i r e m e n t s . O the r n u t r i e n t s can not be u n d e r -
e s t i m a t e d . No doubt t h e exogenous p r o t e i n e n t e r i n g t h e body 
hy way of food p rov ides t h e amino ac id raw m a t e r i a l s , f o l l o w i n g 
i t s d i g e s t i o n , fo r s y n t h e s i s of f i s ; : n ' own p r o t e i n , but t h e 
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capaci ty of f ish to synthesize p ro te in i s l i m i t e d . The p r o t e i n 
b iosynthes is involves a d e l i c a t e sequence of events vdaich p-^e 
under genet ic con t ro l . Thr agh feed "back r egu la t i ons in p ro t e in 
and nuc le i c acid hiosynthes 3 as explained by Mustafa (1979), 
the f i sh produces pro te in according to i t s requirements and the 
surplus raw materials may be deaminated or serve no Txle in 
production of f lesh '^ •^•^  thp /^rowth. Fur ther , the fish's d i g e s -
t i v e equipment i s in Veening with i t s nxxtrient requirements 
(Mustafa 1976). Cyprinus carpio at t h e s tage of l i f e examined 
may not possess such a high a c t i v i t y of p r o t e o l y t i c enzymes as 
to take care of so much pro te in in the d i e t . Diet-3 used in 
t h i s study was of t h i s kind and i t s supply to the f i sh must 
involve considerable waste in the form of undigested mat te r . 
The superfluous amount of p ro t e in cont r ibu tes to the t o t a l 
weight of feed, and the f i sh may develop s a t i e t y by consuming 
a p a r t i c u l a r weight of the food. Feeding t o s a t i e t y l e v e l w i l l 
not , however, nourish the f i sh properly inasmuch as a c e r t a i n 
par t wi l l be passed out without d iges t ive hydrolys is and the 
f i sh w i l l remain deprived of the required type of n u t r i e n t which 
should have replaced t h e excess p ro te in in the d i e t . P ro te in 
i s undoubtedly an important n u t r i e n t and the p r i n c i p a l substance 
which accomplishes growth, but the growth t h a t one simply defines 
as increase in s i ze or weight, i s in f ac t according to Rounsefell 
and '•'h'^erheart (1953) a comolicated phenomenon ranging from simnle 
imbibi t ion of water to the complicated r e s u l t s of n u t r i t i o n a l 
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chemistry. So many biochemical and physiological r e ac t i ons 
are involved in accomplishing growth t h a t the d e s c r i p t i o n of 
j u s t one fac tor in i s o l a t i o n with o thers w i l l hardly serve 
the purpose. The energy for t he meta'oolic processes involved 
can be derived from carbohydrate and fat bes ides p ro t e in . I t 
i s well documented tha t carbohydrate i s the most r e a d i l y u t i -
l i z a b l e source of energy. The present da ta bears testimony 
to the important ro le t h a t t he carbohydrates play in nourishment 
and heal thy survival of the t e s t spec i e s . 
'Chile several general asnects of the ^ut i l iza t ion of 
carbohydrate and i t s resr)onse in f i shes have been out l ined 
e a r l i e r ( P h i l l i p s e^ a l . 194^, Hi l ton and Atkinson 1982), 
Bardach _et a l . (1972) emphatically suggested tha t in formulat ing 
a r t i f i c i a l feeds for ca rps , spec ia l cons idera t ion be giver. "-
the carbohydrate component. While supporting t h i s view Ghicu 
and Ogino (1975) fur ther observed tha t f i sh fed a carbohydrau.— 
r ich d i e t had si/rnifican.tly b e t t e r apparent d i g e s t i b i l i t y of 
p ro t e in . In a separate l i n e of work Brown et_ a l . (1985) found 
tha t when suf f ic ien t amouint of non-prote in energy was supplied 
to f i s h the d ie ta ry p ro te in did not inf luence d i g e s t i b i l i t y 
and ass imi la t ion of p ro t e in . In C. carpio v/hose d ie t comprises 
l a r g e amoimt of carbohydrate, inc rease in t he r e l a t i v e propor t ion 
of pr t e in i s of no use . Since the d ie ta ry f i b r e s effectiveiLy 
hinder the d i g e s t i b i l i t y of p r o t e i n s , e spec ia l ly by sh ie ld ing 
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the polypeptides and hence reducing t h e i r exposure to enzymes, 
when the f ib re s abound in the food l a r g e amount of p ro t e in 
escapes d ige s t i on . Paul and Southgate (1978) published enough 
data showing increased excre t ion of n i t rogen in faeces , an 
apparent sign of reduced p ro te in d i g e s t i b i l i t y , when in take of 
f i b r e s , p a r t i c u l a r l y of t he hemicel lu lose , was m u l t i p l i e d . The 
b e t t e r performance of d ie t -A as ind ica ted by higher PER, FGE, 
and weight gains also owes t o f i s h s ' h igher capaci ty t o d iges t 
and make use of p ro te ins of p lan t s than from animal sources . 
Diet-A contained a t o t a l of 70% p lant mat ter and 30% animal 
mat ter , whereas in d i e t -3 the p lan t and animal mat ters were 
50:50. Findings of Brown et_ sJ^. (1985) leave no doubt t h a t 
d i g e s t i b i l i t y of plant p ro te i . s i s much higher comriared to animal 
p r o t e i n s . IVhen a d i e t (such as 'A' in the present case) provides 
required amount of p ro te in , the high l e v e l of carbohydrate e n t e -
r ing the d iges t ive t r a c t of a f i s h with profound a c t i v i t y of 
carbohydrases, the adequate amount of monosacchrids i s a s s imi -
l a t e d in to c e l l s and the quant i ty in excess i s transformed in to 
f a t but t h i s i s in addi t ion to tha t f r a c t i o n which is earmarked 
for supply of energy. Evident ly , a d ie t which contains requi red 
proport ion of prote in and i s r i ch in carbohydrate (A) can t ake 
care of low amount of fat and the f i sh i s able to maintain good 
h e a l t h . Some of the r e s u l t s also corroborate with the f indings 
of ¥atajaa.be (1983) who showed t h a t carps are able to grow 
without hinderance on a d i e t vri.th p r a c t i c a l l i / no f a t for 
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prolonged per iods . Carbohydrate and p ro te in compensate fo r i t s 
absence in the d i e t . 
i?'eeds rich in carbohydrate provide more e f f i c i en t and 
read i ly avai lable source of energy; the p ro te in i s spared from 
oxida t ive breakdown and ins tead d iver ted for growth. In the 
absence of i t s combustion for ca lo r igenes i s in the body even 
low amoiint of protein may become s u f f i c i e n t for promoting growth 
As a mat ter of fac t d ie ta ry pro te in requirement inc reases wiien 
the carbohydrate and fr^t contents of the d ie t a re beLox'j the 
desired l eve l (Wilson _et aL.- 1967). Several authors have worked 
out the raaximiim proportion of carbohydrate in the d i e t ^ r^hich 
exer t s pos i t ive effect on growth. The values a re 10% for 
y e l l o w t a i l , 20^ for- red sea bream and 30% for oorni^ on carp 
(Furuichi and Tone, 1980). According to Edx '^ards _et al_. (1977) 
rainbow t rou t adul ts caji be fed 38j? vjheat meal or 41% cooke., 
V7heat without any negative e f f e c t s on growth. By con t r a s t , 
mii,^: w^s grow qui te well on food mixtures v/ith 50% or more of 
s t a rchy matter(Lagler _et_ a l . 1977). In t h i s study the d ie t a ry 
carbo.;.ydrate ranging 50.3-64.32^ showed appreciable response 
which has been detaJ.led e a r l i e r . 
PER was used for working out the r e l a t i o n between p ro te in 
in take and growth in body weight. In the present observat ions 
PER was decidedly higher for l e a s t pro te in fed s-neciraens. This 
i s in agreement v,lth the f indings on t i l a p i a s (Jauncey 1982), 
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s t r i ed b a s s ( M i l l i k i n 1 9 8 ? b , 1 9 8 3 ) , p u f f e r f i s h (Kanazawa et_ a l . 
1980 , p l a i c e (Cowey et_ aj_. 1 9 7 2 ) , ^ ' a s s cario (Daiorowski 1 9 7 7 ) 
aiid common c a r p (Ogino arid S a i t o 197C' i ) - E v i d e n t l y , t h e p r o t e i n 
s u p p l i e d to t h e f i s h i n t h e p r e s e n t s i/>ia^ oy way of d i e t - A 
was v e r y e f f i c i e n t l y u t i l i z e d aad t h e d i e t d i d n o t c o n t a i n 
r e d u n d a n t amount of t h i s n u t r i e n t which would be beyond f i s h s ' 
a b i l i t y t o d i g e s t and a s s i m i l a t e . I n 3 - d i e t t h e h i g h e r i n t a k e 
e x c e e d e d t h e r e q u i r e m e n t and d i d n o t m a t d i w i t h t h e g r o w t h 
c h a r a c t e r . I n s t e a d , t h e a d d i t i o n a l amount seemed to b e a t t h e 
e x p e n s e of o t h e r d i e t a r y c o m p o n e n t s . 
U n l i k e t h e d i e t f o r m u l a t e d f o r e a r l i e r work which was 
e n r i c h e d by a s c o r b i c a c i d , t h i s f e e d was r e l a t i v e l y t o o l o o r 
i n t h e v i t a m i n t o i n f l u e n c e p r o t e i n u t i l i z a t i o n i n f i s h t o any 
g r e a t e x t e n t . 
3UI4MARY 
T h i s s t u d y was c o n d u c t e d on cormion ( E u r o p e a n ) c a r p 
C y p r i n u o o^Lrpio t o d e t e r m i n e t h e e f f i c a c y of a r t i f i c i a l l y com-
pounded f e e d s . Data, p e r t a i n i n g t o t h e f a t e of d i e t a r y c o m p o n e n t s , 
t h e i r a s s i m i l a t i o n , c o n v e r s i o n i n t o f i s h t i s s u e s and c o n t r i b u t i o n 
t o o r g a n i s m a l grov ' th and h e a l t h h a v e been o b t a i n e d . S p e c i m e n s 
p r o v i d e d d i e t - A (^  l i n s e e d i l calce, f i s h o f f a l m e a l , f r o g o f f a l 
m e a l , b l o o d m e a l , wheat b r x n , w a t e r h y a c i n t h meal i n t h e r a t i o 
5 0 : 1 0 : 1 0 : 1 0 : 1 0 : 1 0 ) showed j e t t e r g r o w t h r a t e , food c o n v e r s i o n 
TABLE - I. Relative proportions of ingredients in the artificial 
feeds (A, 3) 
Ingredients 
Proportions of ingredients 
A B 
Linseed oil cake 
Fish offal meal 
Frog offal meal 
Blood meal 
Wheat bran 
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CHAPTER VI 
EFPSCTS OP POPULATED FEEDS ON GROWTH, LIVING COIIDITION mi) 
30DY COMPOSITION OF CART 0YPRINU3 CARPIO 
INTRODUCTION 
The i n f l a t i o n i n t h e c o s t of a r t i f i c i a l f e e d s h a s m a i n l y 
r e s u l t e d i n s t e e p r i s e i n c o s t of f i s h p r o d u c t i o n . Means of 
compounding c o s t - e f f e c t i v e r a t i o n s h a v e t h u s assumed g r e a t 
s i g n i f i c a n c e . What i s i m p o r t a n t i s i n c o r p o r a t i o n of t h r o w - a w a y 
p r o d u c t s i n f e e d s . Th i s e x p e r i m e n t was an a t t e m p t i n t h i s 
d i r e c t i o n . CyprJTius c a r p i o fo rmed t h e b a s i s of i n v e s t i g a t i o n s . 
The s p e c i e s i s o m n i v o r o u s , a c c e p t s a c o n s i d e r a b l e v a r i e t y of 
food i t e m s and i s a d j u s t a b l e t o w i d e l y d i f f e r e n t e n v i r o n m e n t a l 
c o n d i t i o n s , b e c a u s e of t h e s e f a c t o r s t h e f i s h i s c u l t i v a t e d 
i n a l a r g e number of c o u n t r i e s , e v e n q u i t e away from i t s n a t i v e 
l a n d . T h i s s t u d y e x p l a i n s t h e e x t e n t t o which t h e n o n - p r o t e i n 
componen t s of f e e d i n f l u e n c e t h e u t i l i z a t i o n of p r o t e i n . The 
e f f e c t i v e n e s s of f o r m u l a t e d f e e d s i n n u t r i t i o n and ene rgy g a i n 
h a s been e v a l u a t e d by o b s e r v a t i o n s o f w e i g h t g a i n , f e e d e f f i -
c i e n c y and body c o m p o s i t i o n of t h e f i s h . .J\,^fi^.*^ ' 
-ii.- Nu ^-r-l 
MATERIALS AND i^ ETHODS \ ' ^ > ^^^•&'-f/-. ^J/j-
' - < . . . . ^ : \ • ' • 
Finger l ings of common carp Cyprinus carpio (IjcStai—i'iSiigth 
2-4.5 cm, body weight 0.12-0.79 g) procured from F i she r i e s 
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Sta t ion at Agra were acclimated in the labora tory for a week. 
Before the onset of the ac tua l feeding t r i a l , the f i sh were 
fed frog offal meal and l in seed o i l catee (50:50) . Water 
temperature during the e n t i r e experimental period ranged between 
19-24*^0 and the pll and dissolved oxygen content were 7.5 and 
4 .5 -4 .7 ppm, r e spec t ive ly . The specimens were then grouped 
randomly into t h r ee , with each batch comprising 55 i n d i v i d u a l s . 
Diets ' A ' , 'B ' and 'G' were supplied separa te ly to the t h r e e 
groups at the r a t e of 52 of body weight. Proport ions of v a r i o u s 
ing red ien t s in the d i e t s and the chemical qual i ty of the feeds 
have been indicated in Tables I , I I . Amla, the Indian gooseberry 
(Emblica, a f f i e r n a l i s ) was one of t h e in g r ed i en t s of feeds B and 
C. Chemical composition of the berry and of l i n seed o i l cake 
have been out l ined in Table I I I . The beirry was dried in a 
thermostat running a t 100 G and f i ne ly powdered using a g r inde r . 
I t was in t h i s form tha t t h e product was used in preparing t h e 
d i e t s . The feeding t r i a l was continued for a period of 4 v/eeks. 
F i n a l l y , the f ish were measured for t h e i r length, and weight for 
determinat ion of t h e i r n u t r i t i o n a l and growth parameters (vide 
Chapter I for d e t a i l s ) . After the mentioned feeding dura t ion 
the specimens were taken out and decapi ta ted . The sajnples of 
i^fcite muscle removed from trunk region were processed for 
biochemical assays. Techniques of chemical es t imat ions have 
been det;-a.led in Ohapter I . 
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RESULTS 
R e s u l t s ob ta ined from feeding t h r e e compounded d i e t s to 
Oyprinus ca rp lo i n d i c a t e t h e n u t r i t i o n a l e f f i c a c y of Ind ian 
g o o s e b e r r y . Table IV summarizes the r e s u l t s o b t a i n e d . The 
c o n d i t i o n c o e f f i c i e n t , g a i n s i n body v^eight and a s s i m i l a t i o n 
of n u t r i e n t s were a p p r e c i a b l y h i g h e r i n f i s h fed d i e t - C (which 
con ta ined 50^ Indian g o o s e b e r r y ) , I nd i an goosebe r ry i s known 
to be a r i c h source of a v a r i e t y of n u t r i e n t s , c h i e f l y p r o t e i n 
and v i t a m i n s . Since p r o t e i n i s mainly r e s p o n s i b l e f o r accom-
p l i s h i n g growth , t h e r a p i d g a i n s i n body weight (56 .8^ ) of f i s h 
fed gooseber ry can be a t t r i b u t e d to t h i s c o n s t i t u e n t . Specimens 
of A-batch were found t o ach ieve 29 .2^ i n c r e a s e in t h e w e i g h t . 
The v a l u e s of food q u o t i e n t (FQ) were in an o r d e r r e c i p r o c a l t o 
IGR and PER. The FQ was 5.13 f o r ba tch A, 3.15 (ba tch-B) and 
2 .64 (g roup-G) . The d a t a p e r t a i n i n g to c a l o r i f i c va lue and 
chemical composi t ion of d i e t s and t h e n u t r i t i v e p a r a m e t e r s of 
f i s h demons t ra ted t h e e f f i c a c y of a high p r o t e i n - h i g h c a r b o -
h y d r a t e - l o w f a t d i e t i n growth and h e a l t h s t a t u s of f i s h . High 
energy i n t a k e r e c i p r o c a t e d a s i m i l a r c a l o r i f i c p r o f i l e i n t h e 
f i s h muscle . The d a t a have been embodied i n Table V. 
DISCUSSION 
P r o t e i n seemed t o p lay a domina t ing r o l e i n n u t r i t i o n of 
t h e ca rp examined. This f a c t i s c l e a r l y e s t a b l i s h e d by t h e 
- 30 
s u b s t a n t i a l l y hi^^her va lues of IGR, PER, J'GB, K, e t c . and lower 
value of FQ in specimens supplied diet-G. That the p ro te in 
works in body bui lding, repara t ion and growth i s undeniable . The 
r e s u l t s corroborate with the views of e a r l i e r aiithors who provided 
increas ing l e v e l s of p ro te in in d i e t and observed higher weight 
ga ins (Davis and Stickney 1978, Akiyama ^ a l . 1981, Yarg _et a l . 
1981, Mi l l ik in 1983 and Winfree and Stivckney 1984); increment in 
body concentrat ion of p ro te in (Gowey e_t a l . 1972, Sa t ia 1974-, 
Austreng and Refst ie 1979, Mi l l ik in 1983 and Rahman 1986); increased 
growth r a t e and food conversion e f f ic iency (Rychly 1980, Garcia 
et a l . 19S1, Petrash 1981 and Viola and Ar i e l i in82a,b) and high 
p ro te in eff ic iency r a t i o (Pfeffer 1932). Body prote in i s cons i -
dered to be in a s t a t e of dj'^ namio equil ibr ium which means tha t the 
des i red level of the n u t r i e n t i s maintained by constant replacement 
b3^  new polypept ides . 
According to Reini tz and Hi tze l (1980) the pos s i t i ve 
r e l a t i o n between the amount of d i g e s t i b l e p ro te in i n d i e t and 
v/eight gain suggests t h a t the qualitj'- of pro te in i s no l e s s 
important than the quanti ty in influencing the growth r a t e . The 
ingredient (Indian Gooseberry) used in foxTOulating d i e t - 0 may 
be super ior because of i t s required kinds of e s sen t i a l amino 
acids in adequate amounts. With high prote in in take (32. 55/^ ) 
as in t h i s experiment) t he carbohydrate also contr ibuted to 
som.atiG growth. Even i f t h i s given amount of pro te in was a 
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l i t t l e l e s s than the optimum quant i ty , the presence of carbo-
hydrate i n the d ie t compensated for the marginal def ic iency 
poss ibly by i t s p ro te in-spar ing effect or by enhancing a s s imi -
l a t i o n of t he pr inc ipa l body bui lding m a t e r i a l . Carbohydrates 
and l i p i d s discharge some s p e c i f i c functions o ther than those 
performed by prote in and hence t h e i r s ign i f i cance in the d ie t 
i s obvious. 'Dhe i n t e r r e l a t i o n s of the energy n u t r i e n t s merit 
cons idera t ion . The p ro t e in - spa r ing ac t ion is indeed s i g n i f i c a n t 
inasmuch as an important par t of t h i s n u t r i e n t would otherwise 
be exposed to catabolism for supply of energy and fo r u t i l i z a t i o n 
of the breakdown products as precursors for a d i f f e r en t category 
of n u t r i e n t . Hochakka (1969), Tarr (1972) and Demael (1978) 
while reviewing the intermediary metabolism in f i sh explained 
the r e l a t i o n s amongst the n u t r i e n t s to the advantage of the 
bioeconomy of livin.-^ mat ter . I t has been convincingly demons-
t r a t e d tha t metabolism of carbohydrate provides energy, p r e -
cursors for anabolic r e a c t i o n s , and reduct ion or oxidat ion 
mechanisns for converting the end products to appropr ia te 
in te rmedia tes or f i n a l products fo r incorpora t ion in to c e l l 
components (Walton and Gowey 1932). Glycogen s torage involves 
f a r g r e a t e r weight gains because i t i s deposi ted in c e l l s with 
s u b s t a n t i a l amount of water . The d ie ta ry carbohydrate thus 
serves to enhance the u t i l i z a t i o n of p ro te in in the body for 
acomplishing growth and reducing or o b l i t e r a t i n g i t s d ivers ion 
for energy production in Gyprinus ca^rnio. Rerilacement of 
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pro te in by fa t by any subst?jnt ial raargin which lessened the 
p ro te in t o below 30% reduced the value of the d i e t for the 
carp. The excess amount of f a t did not s a t i s f y the n u t r i t i o n a l 
and growth requirements of the f i sh and prooved to be i innecessary. 
Page and Andrews (as quoted by Tanner and S^hmidtborn 1970) have 
also explained the p r e j u d i c i a l ef fec t of l i p i d incorpora t ion . 
The present da ta corroborates t he f indings of Kitaraikado _et_ a l . 
(1964a,b) who suggested t h a t low p ro te in -h ig ' fa t d i e t r e s u l t s 
in slowing down of growth r a t e . Rahman (1986; i s of the view 
tha t t he dietarj;- fa t rescues t h e p ro te in from i t s mobi l i za t ion 
in energe t ics when carbohydrate l e v e l i s ••r:).tically low. A 
u n i t weight of f a t y i e ld s more than twice the energy tha t the 
p ro te in can provide in the body. Dietary p ro te in more favourably 
influenced the growth than the t o t a l amount of energy. Ev iden t ly , 
the qua l i ty of energy enter ing the body mattered appreciably in 
nourishing the fish bod,, . S imi lar f indings have been repor ted 
by Takeuchi et a l . ( l9Sla)3nd Weatherley and Gi l l (1983). Since 
c e r t a i n proport ions of i '^. , carbohydrate and p ro te in remain in 
a l a b i l e and dynamic s t a t e t h e deaminated p ro t e in s c;an be 
converted to f a t and/or carbohydrate (i^aldwin 1952). Incorpora-
t ion of t he most c a l o r i f i c nu t r i en t in the d i e t without imparting 
add i t iona l weight leads t o decl ine in p ro te in ene rgy : to t a l energy 
r a t i o . This factor i s l i k e l y t o influence the n i t rogen balance 
in the f i sh . I t has been pointed out by Calloway (1975 as quoted 
from mo t echnica l repor t 1985) and Iyengar _et a l . (1981 as 
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quoted from ffiO technica l r epo r t 1985) t ha t at any given l e v e l 
of d i e t a r y pro te in , addi t ion of energy improves n i t rogen balance 
u n t i l such a l e v e l -viiiere l i a i i t a t i o n s are imposed by d i e t a r y 
p ro te in amount. Consequently the energy balance of the body 
becomes an important f ac to r in determining n i t rogen equi l ibr ium 
and inf luences the u t i l i z a t i o n of d ie tary p r o t e i n . Highest 
carbohydrate ca lo r i e s were found in d i e t - 0 \ ^ i ch was t h e poorest 
source of f a t c a l o r i e s . 
Different d i e t s used poxidiiced r e s u l t a n t increase i n c a l o r i f i c 
value of t he f l h in the order of t h e i r own energy conten t . Muscle 
of the f i sh fed dlet-C which was most proteinaceous but poorest 
in energy, contfijied h ighes t concent ra t ion of p r o t e i n . P ro t e in 
c a l o r i e s are thus e f fec t ive in laying down pro te in in the muscle. 
The concept of using p r o t e i n - r i c h d ie t i n animal n u t r i t i o n i s 
cont inual ly being worked upon for t h i s reason. In the present 
study the quan t i t a t i ve d i f fe rences by add i t ion of gooseberry meal 
to the d i e t gave an ind i ca t ion of i t s e f f icacy . let-G with 
the highest percentage of gooseberry meal gave best r e s u l t s . 
Obviously, the la rge amount of vitamin-G ano some minerals l i k e 
calcium, phosphorus and i ron present in t h i s ingredient supported 
growth. Another reason for b e t t e r performance of the d i e t was 
the presence of vegetable p2X)tein (of the gooseberry meal). 
E a r l i e r s tud ies using d i f f e r en t vegetable piwteins have been 
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found t o improve c o n v e r s i o n e f f i c i e n c e s ( I n a 1 9 8 1 , S c h u l z 1 9 3 2 ) . 
The g o o s e b e r r y meal w i t h i t s r i c h a s c o r b i c a c i d c o n t e n t 
p r o m o t e d t h e u t i l i s a t i o n of d i e t a r y p r o t e i n and t h e s u b s e q u e n t 
a n a b o l i s m of t h e a s s i m i l a t e d amino a c i d s . Wi l son ejt aJ^. ( 1 9 6 7 ) 
h o l d t h a t t h e a s c o r b i c a c i d i s i m p o r t a n t i n n o r m a l m e t a b o l i s m 
of amino a c i d s and d e m o n s t r a t e d i t s p a r t i n p r o d i x c t i o n of 
c o n n e c t i v e t i s s u e and m a i n t e n a n c e of t h o s e a l r e a d y f o u n d . The 
l o s s i n body v /e ight and d e c l i n e i n a p p e t i t e r e s u l t i n g from 
a s c o r b i c a c i d d e f i c i e n c y p o i n t t o i m p a i r m e n t i n t h e n o r m a l t^xm 
o u t of endOif^^nous p r o t e i n . E v i d e n t l y , t h e a s c o r b i c a c i d i n 
a d d i t i o n to d i r e c t l y infl.uencinder g rowth can a l s o a c t i n d i r e c t l y 
t h r o u g h p r o t e i n s y n t h e t i c p r o c e s s i n t h e b o d y . 
SU1#IARY 
Fvj of common c a r p Q y p r i n u s c a r p i o were r e a r e d on t h r e e 
compounded d i e t s , A ( l i n s e e d o i l a-^ke, f i s h o f f a l m e a l , s u g a r c a n e 
r o u g h a g e i n 2'5:2'3:50 r a t i o ) , 13 ( g o o s e b e r r y m e a l , l i n s e e d o i l cal^ie, 
f i s h offf i l m e a l , s u g a r c a n e r o u g h a g e i n 2 5 : 2 5 : 2 5 : 2 5 r a t i o ) aiid 
C ( g o o s e b e r r y m e a l , l i n s e e d o i l cd.ze, f i s h offaJ- meal i n 5 0 : 2 5 : 2 5 
r a t i o ) . The d a t a o e r t a i n i n g t o n u t r i t i o n a l p a r a x a e t e r s , c a J - o r i f i c 
v a l u e a,nd chemicaL c o m p o s i t i o n d e m o n s t r a t e d t h a t a h i g h - a r o t e i n -
hi,gh c a r b o h y d r a t e - low f a t d i e t r e s u l t e d i n b e t t e r g r o w t h and 
h e a l t h s t a t u s of t he f i s h . i l i g h e s t i n s t a n t a n e o u s g r o w t h r a t e , 
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percentage gain in body weight, food conversion e f f ic iency and 
p ro te in eff iciency r a t i o were obtained in specimens reared on 
die t -A and t h i s was followed by those feeding d i e t s ' S ' and ' C . 
At high pro te in intake (32.5^) the carbohydrate a lso con t r ibu ted 
to somatic growth. Replacement of Drotein by fa t which lessened 
the p ro te in to belovf 30% reduced the val-ue of the d i e t for t h e 
carp . A high ca lo r i c in take reciproca.ted a s i m i l a r c a l o r i f i c 
p r o f i l e in fish muscle. The l a rge amount of vitamin-G present 
in gooseberry meal a"Dparently sunrtorted growth. 
TABLE - I. Proportions of ingredients in artificial feeds 
(A, 3, C) 
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TABLE - I I I . Chemical composition of l inseed o i l cake and Indian 
gooseberry (adopted from The Wealth of I n d i a , V o l . I l l , 
C3IR, New Delhi, 1952) 
Ohemical 
cons t i tuen t 
(%) 
Indian gooseberry 
(Emblica a f f i e r n a l i s ) 
Linseed o i l cake 
(Linum us i la t i ss imum) 
Pro te in 
Pat 
Carbohydrate 
Calcium 
Phosphorous 
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Potassium 
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Vitamin G 
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CHAPTER VII 
EFFECT OF COMPOUIIDED RATI OH ON GROWTH AND FOOD UTILIZATION OF 
THE UNDBR-YEARLINGS OF CATFISH HBTBROPNEUSTES F0S3ILIS 
INTRODUCTION 
Next in importance to carps i s the cult\ire of ca t f ishes . 
Heteropneustes fo s s i l i s is one of the most popular catfishes in 
India. This species is easy to maintain, feed, and has a 
remarkably high sxirvival potent ia l . I t survives in not too 
favourable conditions such as low water l eve l , oxygen depletion, 
stagnation, etc . Palatabilitj'^ and medicinal value of the f lesh, 
coupled with convenient l ive transport favour extensif icat ion 
and intensif icat ion of the culture of Heteropneustes f o s s i l i s . 
In some parts of the country, especially West Bengal, stocks 
of fish are maintained even in small tanks for daily use. 
Kitchen wastes or infer ior quality minced meat are used as food. 
The present study was desinged to find out if growth of the f ish 
can be promoted by compounding the minced f lesh/offal diet with 
commonly available cost-effective products. Results obtained 
are encouraging. 
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MATERIALS AND METHODS 
P i n g e r l i n g s of H e t e r o p n e u s t e s f o s s i l i s ( t o t a l l e n g t h - 10-13 cm, 
Dody weight = 8-12 g) caught from ponds a t A l i ^ a r h were x jc l ima ted 
t o laborator-y tanks f o r t h r e e d a y s . They were m a i n t a i n e d on 
minced meat of b u f f a l o . The specimens were grouped randomly i n t o 
d u p l i c a t e b a t c h e s c o n s i s t i n g of twenty i n d i v i d u a l s each . The 
d i s s o l v e d oxygen c o n c e n t r a t i o n , pH and. t e m p e r a t u r e were 4 . 5 - 4 . 7 ppm, 
7 .5 and 26-28°G, r e s p e c t i v e l y . One group of f i s h was fed compoxinded 
d i e t 'A' ( l i n s e e d o i l cake , b lood meal , egg s h e l l , minced meat i n 
t h e r a t i o 17 :20 :3 :60 ) and t h e o t h e r was s u p p l i e d an e x c l u s i v e 
minced meat d i e t ( B ) . Ra t ion was s u p p l i e d a t t h e r a t e of 5^ of 
t h e body weight of f i s h . Medium of e x p e r i m e n t a l t a n k s was renewed 
d a i l y . Feeding con t inued f o r f o u r weeks. Af t e r a l l o w i n g 8-10 
h o u r s t ime f o r d e f e c a t i o n fo l lowing l a s t f e e d i n g , t h e specimens 
were t aken out and weighed. Methods used f o r c a l c u l a t i o n of 
f^rsecific growth r a t e , food c o n v e r s i o n e f f i c i e n c y , p r o t e i n e f f i -
c i ency r a t i o were the Rame as d e t a i l e d in Chapter I . Food 
q u o t i e n t was determined by the formula g iven in Chapter I I . L i v e r 
somat ic index was worked out by t h e e q u a t i o n : 
T • A. • ' J ^ L i v e r weight (g) v i nn 
L i v e r somat ic index = Body weight (g) ^ ^^^ 
P r o t e i n con ten t of t h e d i e t s was measured us ing t h e t e c h n i q u e 
o u t l i n e d in Chapter I and f a t was quant i t a t e d by t h e method 
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described in Chapter II. 
RESULTS 
Data p e r t a i n i n g to growth and food u t i l i z a t i o n of the 
c a t f i s h f i n g e r l i n g s have been embodied i n Table I . I t was 
e v i d e n t t h a t the compounded d i e t ('A'} was n u t r i t i o n a l l y f a r 
more s u p e r i o r than t h e e x c l u s i v e minced meat f e e d ( d i e t 'B*)« 
Four-week feed ing r e s u l t e d i n more than double p e r c e n t g a i n s i n 
body weight (39 .19) and i n s t a n t a n e o u s growth r a t e ( 1 .102 ) of 
f i s h fed d i e t *A' ( p r o t e i n 74 .33) compared to t h e spec imens 
consuming ' B ' ( p r o t e i n 68,25/1) vdiere ga in i n body weight was 
l 6 .19 / i and the s p e c i f i c growth r a t e 0 . 5 . S i m i l a r p a t t e r n was 
seen in food convers ion e f f i c i e n c y ( A : 2 6 . 1 3 , 3 :10 .79 ) and p r o t e i n 
e f f i c i e n c y r a t i o (A:0 .602 , B : 0 . 0 l 6 ) . The food q u o t i e n t was about 
t w o - a n d - h a l f t imes more i n ' B ' ( A : 3 . 8 3 , B : 9 . 2 6 ) . L i v e r - s o m a t i c 
index of A-d ie t b a t c h ( 1 . 4 1 + 0 .05) was g r e a t e r than t h e same of 
t h e f i n g e r l i n g s supp l i ed ' B ' d i e t (1 .30 + 0 . 0 5 ) . 
DISCUSSION 
Growth of the c a t f i s h was s t r o n g l y r e l a t e d to p r o t e i n 
i n t a k e . chis i s u n d e r s t a n d a b l e i n v i ew of t h e wel l e s t a b l i s h e d 
pivota}. p o s i t i o n t h a t t h i s n u t r i e n t ho ld s i n b u i l d i n g and growing 
of t h e body c e l l s and t i s s u e s . 
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Greater food conversion and protein efficiency ra t io 
resul t ing from as much as 74.33Zdietary protein indicated 
excellent ab i l i ty of the fish to deal with protein. Presumably, 
the digestive equipment of Heteropneustes f o s s i l i s , a predominantly 
carnivorous f i sh , is characterized by high ac t iv i ty of pro teo ly t ic 
enzymes, suited to protein - r ich d ie t . Adaptation of digest ive 
enzymes to nature of the diet has been explained ea r l i e r by 
Mustafa (1976). 
Efficiency of food conversion into fish flesh i s also 
posi t ively linked with protein level of the diet , inasmuch as 
production of flesh i s accomplished chiefly by the protein raw-
materials entering and assimilating in the body. Increased fat 
proportion of the protein-impoverished diet (B:4.lX) "to more than 
50^ of that in diet-A (2.6%) fai led to appreciably improve the 
value of d ie t . Obviously, non-protein substances enhance the 
nu t r i t i ve efficacy of the ra t ion if added to the diet in addition 
to the optimum protein leve l . A3 revealed by the food quotient 
value, the fish needs about two-and-a half times the quantity of 
th i s 'B' food to achieve grov;th approximating that of the 
specimens reared on diet 'A ' . However, the fish may not accept 
that much amount of food and may cease to feed; being sa t ie ied 
by non-orotein substances even before the required amount of 
proteir \.3 consumed. '" le present woife finds favour with the 
view of Mlllikin (1982b) that optimum protein intake is determined 
mainly by a balance of protein-to-energy r a t i o . 
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n o t h e r i n d i c a t i o n of b e t t e r h e a l t h s t a t u s of f i s h f e d 
d i e t - A i s h i / ' e r l i v e r - s o m a t i c i n d e x ( 1 . 4 1 + 0 . 0 5 ) . I n f i s h 
f e e d i n g d i e t - J i t was 1 .30 + 0 . 0 5 . A f t e r t h e m o b i l i z e d s t o r e s 
of t h e body a r e r e p l e n i s h e d and m e t a b o l i c demands s a t i s f i e d , t h e 
e x t r a q u a n t i t i e s of n u t r i e n t s a r e s t o r e d i n t h e l i v e r c h i e f l y a s 
g l y c o g e n and t o a l i m i t e d e x t e n t a s f a t . T h i s i n c r e a s e s t h e 
l i v e r - s o m a t i c i n d e x . Use of t h i s i n d e x a s a g r a v i m e t r i c a l l y 
d e r i v e d p a r a m e t e r of n u t r i t i o n a l s t a t u s of f i s h h a s b e e n a d v o c a t e d 
by H e i d i n g e r and Crawford ( ^ 7 7 ) , J e n s e n ( 1 9 7 9 ) , Bulow e t _ a l . ( l 9 8 1 ) 
and M u s t a f a and M i t t a l ( l 9 8 : : a ) . 
Prom t h e d a t a i t i s e v i d e n t t h a t c u l t u r e of t h e c a t f i s h can 
b e moro pr^onomi.fvl i n t e r m s of q u a n t i t y and q u a l i t y of t h e y i e l d 
i f t h e s l a u g h t e r h o u s e t i s s u e o f f a l s u p p l e m e n t e d w i t h c o s t - e f f e c t i v e 
i n i ° r r e d i e n t s ("blood m e a l , l i n s e e d o i l c a k e ) i s s u p p l i e d t o t h e 
po-px3lat ion. U t i l i t y of l i n s e e d o i l c ake i n d i e t a r y f o r m u l a t i o n s 
i s f u r t h e r c o n f i r m e d . 
3UI4MARY 
Two k i n d ^ of d i e t s (A: minced m e a t , l i n s e e d o i l c a k e , b l o o d 
m e a l , egg s h e l l i n t h e r a t i o 6 0 : 1 7 : 2 0 : 3 , and B : minced m e a t ) were 
t e s t e d on f i n g e r L i n g s of H e t e r o p n e u s t e s f o s s i l i s f o r t h e i r 
n u t r i t i o n a l p e r f o r m a n c e . The s p e c i f i c g r o w t h r a t e , food c o n v e r s i o n 
e f f i c i e n c y , p r o t e i n e f f i c i e n c y r a t i o and l i v e r - s o m a t i c i n d e x of 
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f i sh supplied d ie t 'A' were higher than those provided d i e t ' B ' . 
These parameters were found to bear a d i r e c t r e l a t i o n with t he 
p ro te in intaJce. Food quot ien t maintained a r ec ip roca l p r o g r e s s i o n . 
Importance of minced meat supplemented by c o s t - e f f e c t i v e i n g r e d i e n t s 
t h a t enrich the d ie t by p ro te in to optimum l e v e l has been d iscusoed. 
CQ 
-P 
(U 
•H 
T i 
^ 
•H 
O 
•H 
=H 
•H 
-P 
y 
T J 
CD 
«H 
«) 
•H 
fH 
•H 
ro 
CQ 
O 
<H 
CQ 
<D 
•P 
CD 
pS 
<D 
a P-
o 
u 0) 
+» CD 
K 
<H 
O 
^ 
-P 
&: O 
f-) 
tiC 
T i 
i 
rt O 
•H 
-P 
c3 
N 
•H 
H 
•H 
-P 
Ji 
T5 
O 
o 
^ 
• M 
1 
m i-q 
^ 
E^ 
II 
II 
II 
11 
II 
II 
II 
II 
11 
II 
11 
II 
II 
11 
II 
11 
II 
II 
II 
II 
11 
II 
It 
11 
11 
II 
11 
li 
11 
II 
II 
11 
II 
11 
11 
11 
II 
11 
11 
II 
II 
11 
11 
II 
II 
II 
n II 
11 
11 
11 
11 
II 
11 
II 
11 
11 
II 
11 
11 
11 
II 
II 
11 
11 
II 
II 
11 
11 
11 
li 
11 
II 
11 
II 
II 
II 
11 
11 
11 
11 
II 
11 
11 
II 
11 
II 
II 
II 
11 
11 
II 
II 
11 
II 
11 
>5 ri*~s 
U - H ^ 
a (0 r-\ 
-P +3 
0) O 
•H U 
CD 
> CD 
O P H H 
fl 1 
-r^-ri 
a> o 
•P -H 
O ^H 
U CH 
PH <D 
-P 
ti 
•xi © 
O -H 
O -P 
f5q O 
^ O" 
1 
fl 
o a 
o o 
•H 
T J CO 
O 
t>>'H 
O +» 
d cc3 
CD M 
>> 
o 
rt 
<D 
• H ^ - v 
O * ^ 
• H - ^ 
o WH O CD «H 
PM > 
0) 
w 
^.s 
a 0) fH 
O -H 
u a 
CD 
W 
•* 
+» 41 
«« 
•H 
CD 
IS 
CD tyD !>j 
PM 
> - — ^ 
co^S. 
O 0 
CD -P 
C c\3 
c3 u +3 
CO -P 
- p > 
CO O 
fj U 
H M 
cn 
rt tH CD 
o a 
•H 
. O 
O Q) 
t2j a 
CO 
- p 
CD 
• H 
Q 
T 5 
O 
^ 
11 
II 
II 
II 
II 
II 
11 
II 
11 
li 
11 
II 
II 
II 
11 
II 
li 
II 
il 
II 
II 
11 
II 
il 
II 
II 
It 
II 
II 
II 
il 
II 
11 
11 
II 
11 
II 
II 
II 
11 
li 
II 
II 
11 
II 
II 
II 
11 
11 
II 
II 
11 
II 
II 
II 
11 
II 
II 
II 
II 
II 
II 
li 
11 
II 
II 
II 
II 
!l 
II 
11 
11 
11 
II 
II 
II 
II 
11 
II 
11 
II 
II 
II 
11 
II 
1! 
11 
11 
II 
II 
II 
11 
11 
11 
11 
11 
1! 
11 
t<^ 
N^ 
• 
-^ C--
CO 
o VD 
• 
o 
!^ 00 
• f A 
KN 
H 
• U3 
eg 
CT> 
H 
• C7^  
t<^ 
<M 
o 
H 
• H 
O 
CM 
<A 
i n II 
C\J II 
• ([ 
CO II 
U5 II 
VO II 
H II 
O 11 
* li 
O 11 
£^> il 
CM li 
• II 
O^ 11 
CT^  II 
tr- 11 
• 1) 
O II 
r-\ II 
CT> II 
i—i II 
* 11 
MD 11 
H II 
O II 
O II 
LPi II 
• | { 
O 11 
O II 
CM li 
m il 
CHAPTER VIII 
QUALITY OF DIETARY ENERGY AKD NUCLEIC ACID PROFILES IN WHITE 
MUSCLE OF CATFISH HETEROPNEUSTBS F0S3ILIS 
INTRODUCTION 
The present study was undertaken with the objective of 
determining the possible relation between the quality of dietary 
energy and nucleic acid concentrations in catfish Heteropneustes 
fossilis. It is generally believed that the nature of diet is 
important in nutritional status of fish, but data on this aspect 
is inadequate compared to considerable information available on 
ration size i.e., on the quantitative aspects of feeding. In 
this experiment various diets were formulated to contain different 
ingredients which supply different kinds of f^ nergy to the fish. 
The health standard of the fish has been assessed through the 
profiles of RNA and DNA resulting from the intake of different 
kinds of calories at a given rate. 
MATERIALS AND METHODS 
Fingerlinga oi xi. fcooiiis (total length 10-13 cm, body 
weight 8-12 g) caught from ponds at Aligarh were acclimatized 
to laboratory aquaria for 3 days. During this period they were 
maintained on minced meat of buffalo. The specimens were grouped 
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randomly i n t o d u p l i c a t e b a t c h e s c o n s i s t i n g of 20 i n d i v i d u a l s 
each . The d i s s o l v e d oxygen, t e m p e r a t u r e and pH were 4 . 5 - 4 . 7 ppm, 
26--28°G and 7 . 5 , r e s p e c t i v e l y . One group of f i s h was fed com-
pounded d i e t - A ( l i n s e e d o i l c ake , blood meal , egg s h e l l , minced 
meat i n t h e r a t i o 1 7 : 2 0 : 3 : ') and t h e o t h e r was s u p p l i e d an 
e x c l u s i v e minced meat d i e t — '] (Tab le I ) . Table I I d e s c r i b e s 
t h e chemical composi t ion of the d i e t s . Ra t ion was s u p p l i e d a t 
t h e r a t e of 5% of t he body weight of f i s h . Medium of e x p e r i -
menta l t a n k s was renewed d a i l y . Feeding was con t inued f o r 
4 weeks. Af ter a l lowing 8-10 hour s f o r d e f e a c a t i o n f o l l o w i n g 
l a s t f e ed ing , t he specimens were t a k e n o u t , weighed, d e c a p i t e d 
and t h e muscle samples were p rocessed f o r de te i rmina t ion of RNA 
and DNA c o n c e n t r a t i o n s ( v i d e Chapter I f o r d e t a i l s of t h e 
t e c h n i q u e s u s e d ) . Values of RNA and DNA were e x p r e s s e d as 
l-ig/lOO mg of dry f a t f r e e t i s s u e s . 
RESULTS 
The c o n c e n t r a t i o n of RNA and t h e RNA/DNA r a t i o were h i g h e r 
i n muscle of H. f o s s i l i s fed d i e t - A but t h e amount of DNA pe r 
u n i t weight of the t i s s u e was g r e a t e r i n b a t c h of f i s h s u p p l i e d 
t h e d i e t - B ( F i g . 1 , Table I I I ) . The d i f f e r e n c e was f a r more 
pronounced in r e s p e c t of RNA compared to DNA. Performance of 
t h e d i e t was i n f luenced profoundly by the energy i n t a k e ; p r o t e i n 
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c a l o r i e s were however, most e f f e c t i v e . In the -oresent expe r imen t 
t h e t o t a l c a l o r i f i c va lue of t h e d i e t s was almost equal h u t t h e 
r e l a t i v e p r o p o r t i o n s of p r o t e i n , f a t and c a r b o h y d r a t e c a l o r i e s 
were d i f f e r e n t (Table I I ) . Diet -A was r i c h i n p r o t e i n c a l o r i e s 
(297 .32 Kcal /100 g) i n comparison wi th d i e t - B which c o n t a i n e d 
273 Kcal/lOO g. The l a t t e r type of d i e t s u p p l i e d l a r g e r amounts 
of t h e c a l o r i e s of f a t and of c a r b o h y d r a t e s . 
DISCUSSION 
Feeding H. f o s s i l i s t h e two compounded d i e t s r e f l e c t e d t h e 
p i v o t a l r o l e of p r o t e i n i n n u c l e i c ac id p r o f i l e s of t h e body 
t i s s u e . I n t a k e of l a r g e r q u a n t i t i e s of t h i s d i e t a r y c o n s t i t u e n t 
enhanced t h e b i o s y n t h e s i s of RNA in t h e f i s h body. The promot ion 
of growth w i th g r e a t e r supply of p r o t e i n by way of food ( a s t h e 
r e s u l t s embodied in Chapter VII emphasize) l e a v e s no doubt on 
f a s t e r p r o t e i n b i o s y n t h e s i s . Obvious ly , t h e d i g e s t i o n of 
p r o t e i n - r i c h d i e t r e n d e r s more q u a n t i t i e s of amino a c i d s 
a v a i l a b l e f o r i n c o r p o r a t i o n i n f i s h ' s own p r o t e i n . Through a 
p o s s i b l e feed-back r e g u l a t i o n of n^icleic ac id s y n t h e s i s i n f i s h 
as r e p o r t e d e a r l i e r (Mustafa 1977a, Mustafa and Shams 1979, 
Mustafa and Zofa i r IQS'S'i, t he exr mding pool of f r e e amino a c i d s 
and optimum t iming f o r growth enhancement a r e p e r c e i v e d by t h e 
genes which s i g n a l t h e DNA to u n d e r t a k e t h e p r o d u c t i o n of 
complementary sequence of n i t r o g e n b a s e s f o r new ( e p i g e n e t i c ) 
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RNA chains. The RNA arising from this process of gene-derepression 
organizes the protein biosynthesis to sustain growth of the f i sh . 
The work further confirms the u t i l i t y of employing changes in 
nucleic acid concentrations in determining growth rate of the 
f i sh . Several papers have been publir-hed from t h i s laboratory 
(Mustafa and Jafri 1976; Mustafa 1977a, 1978, 1979; Mustafa and 
Mittal 1983; Mustafa and Zofair 1983; on the re la t ions of n u t r i -
t iona l factors with the RNA and DNA prof i les . Present study also 
demonstrates that magnitude of difference in the dietary protein 
content i s a major factor in the amount of difference in t i ssue 
leve l of RNA in f ish. The quantity of protein arising epigene-
t i c a l l y depends on nut r i t iona l value of d ie t . Protein has been 
identif ied as the most important nu t r i en t . Since the differences 
in carbohydrate, fat and inorganic matter of the two d ie ts 
supplied were only 2.58, 1.5 and 2.0X ,i^espectively the protein 
must account for the observed variat ions in the RNA concentration 
of the two batches of f i sh . Neither fat nor carbohydrate content 
can assume the c r i t i c a l role that can be a t t r ibuted to some trace 
elements. A healthy fish is capable of adjusting the chemical 
prof i les of the body whenever a chage in the intake of nu t r ien ts 
takes place. I t i s quite \inderstandable that the dietary a l t e r a -
t ions of fat or carbohydrate of the order of 1.5-2.5/^ wi l l not 
profoundly influence the nucleic acid r e l a t i ons . In species 
l ike H. fossixis which is predominantly carnivorous, protein 
content of the diet i s of paramount significance. If the detai led 
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explanation furnished by Mustafa (1976) i s given credence, the 
fish selected will not have digestive equipment modified to 
cope with diet rich in carbohydrate or fa t . 
The response of RNA to dietary protein must be higher in 
actively metabolizing c e l l s . According to Davidson et al_. (1949 
as q oted by Ghargaff and Davidson 1955) and Mustafa and Shams 
(19^2 the t issues which have a high physiological ac t i v i t y 
synthesize large amounts of protein whether for growth or for 
multiplication and are rich in HNA. In the present experiment 
the fish were at la rva l stage which i s known for rapid metabolic 
ac t iv i ty especially v i s - a -v i s protein synthesis to sustain the 
growth r a t e . I t is an established fact that growth ra te i s high 
at young stage and declines with age (Mustafa and Ansari 1983). 
When the nucleic acid concentrations are considered in 
the l ight of energy entering the fish body certain in teres t ing 
facts emerge. In fish provided with a fa i r ly high protein diet 
as in batches 'A' and 'B' both, the increase in carbohydrate and 
fat calories f a i l s to enhance SNA biosynthesis inasmuch as the 
lower protein calories in B-diet ( less by 24.32) was more than 
increase in the combined energy of carbohydrate (10.32 calories) 
and fat (13.5 ca lor ies ) . Even though 68% dietary protein was 
more than the basal protein needs of the species examined bat the 
fact i s -Ixat the additional non-protein calor ies entering the 
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body through dLet-B did not exceed the amount of p r o t e i n c a l o r i e s 
which diet-A supplied to the f i s h . Obviously, the high RNA con-
cen t ra t ion and KEIA/DNA r a t i o in batch-A could be a t t r i b u t e d 
chief ly to the p ro te in c a l o r i e s . When HNA syn thes i s i s viewed 
against the background of ene rge t i c s of t h i s n a t u r e , the over-
r id ing effect of p ro te in c a l o r i e s becomes obvious. Views held 
by Munro et a l . (1953 as quoted by Chargaff and Davidson 1955) 
t h a t RNA increases with j u s t increase in energy in take in the 
form of carbohydrate or f a t when d i e t s contain adequate p r o t e i n 
needs more prec ise i n t e r p r e t a t i o n in the l i g h t of the present 
observa t ions . After exhaustive work on nuc le ic ac ids Brachet 
(1955) came to the conclusion tha t very small changes in RNA 
occur where energy in take i s devoid of -orotein c a l o r i e s . In 
some way t h i s f inding supports the present r e s u l t s . The major 
l i nk in the RNA biosynt: p-^is and energy in take seems to be the 
incorpora t ion of phosphorous in the anabolic process of RNA 
production following r e l ease of t h i s inorganic substance from 
the breakdown of energy n u t r i e n t s . Dietary pro te in seems to bf 
the component which i s important in t h i s phenomenon of phosphorous 
dynamics. 
Not much change was evidenced in the DNA concent ra t ion . 
Metabolic s t a b i l i t y which cha rac te r i zes the gene t i c mater ia l 
accounts for t h i s lack of any s i g n i f i c a n t d i f ference i n the 
DNA ( P > 0 , 0 5 ) in the two batches of f i s h . Concordant views have 
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keen expressed by Hawk et_ a l . (1954), Hotchkiss (1955), West 
and Todd (1963), Mustafa and Mi t t a l (1983). The s l i g h t l y 
h igher concentrat ion of DNA in specimens supxilied d ie t -B appears 
to be the r e su l t of d i f ference in growth r a t e . Since growth of 
the musculature involves increase in the s i ze of muscle f i b r e s 
and not t h e i r number, i t i s abundantly c l ea r t h a t in f i s h growing 
at f a s t e r r a t e , the c e l l s put on more weight by accumulation of 
n u t r i e n t s in t h e i r cytoplasm, and hence a smal ler number of such 
c e l l s wi l l acquire a weight equivalent to t ha t of a l a r g e r number 
of l e s s nourished c e l l s of lower weight. I t i s well known t h a t 
the quauatity of DNA per iinit weight i s r e l a t e d to the number of 
c e l l s . 
In the f a s t growing and b e t t e r noiirished f i sh (bi tch-A) 
the RITA/DNA r a t i o was higher (9.41) than tha t in B-groap where 
i t was 7 .01 . The c e l l u l a r DNA being s t ab l e as described e a r l i e r , 
the change in the RNA/DNA r a t i o i s the outcome of a l t e r a t i o n in 
1) quant i ty of RNA chief ly and 2) amount of DNA per un i t weight 
of sample to a l i t t l e ex ten t . In more robust specimens t h a t 
were in b e t t e r l iv ing condi t ion a" d in which p ro te in syn thes i s 
was taking place at f a s t e r r a t e (bitch-A) the higher filTA/DNA r a t i o 
thus owes to the a c t i v i t y of c e l l s in turn ing out g r e a t e r q u a n t i -
t i e s of RNA and in accommodating l a r g e r amounts of o ther n u t r i e n t s 
p a r t i c u l a r l y the amino ac ids , p":'otein, glycogen, e t c . This f inding 
l eaves no doubt on the r e l i a b i l i t y of the RNA-DNA r a t i o technique 
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in evaluating the living standard, growth -Dulses and nutritional 
status of fish. Publications of other authors, notably, Satorr:;. 
and Nose (1971), Haines (1973), Buckley (1980), Bulow et al,(l978) 
and Wilder and Stanley (1983) on different species of fishes ar^ ^ 
in corollary with the present observations. 
SUMMARY 
Specimens of catfish Heteropneustes fossilis were reared 
on two compounded diets. Diet-A (minced meat, linseed oil cake, 
blood meal, egg shell in the ratio 60:17:20:3) resulted in higher 
RNA concentration and RNA/DNA ratio in fish okan i;iie diet-B 
(minced meat). DNA maintained a reciprocal relation. Increases 
in RNA concentration was directly related to protein intake. The 
dietary alteration of fat or carbohydrate of the order of 1.5-2.5% 
did not profoundly influence the nucleic acid relations. ¥hen 
fish is fed to satiety, it is the type of calories rather than 
the total calories entering the body that ultimately determines 
the nutritional status of the fish. The work confirms the utility 
of employing pattern of changes in nucleic acid concentrations in 
determining the growth character of fish. 
Fig. 1. Concentrations of RNA(wh.ite bars) and DNA(black bars) 
in the muscle of Heteropneustes f o s s i l i s fry fed 
d i f f e ren t d i e t s . Ver t i ca l l i ne s ind ica te standard 
e r r o r of mean. 
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TABLE - I. Proportion of ingredients of the artificial feeds 
(A and B) 
Ingredients 
Proportions of ingredients 
B 
Linseed o i l cake 17 -
Blood meal 20 
Egg s h e l l 3 
Minced meat 60 100 
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TABLE - III. Nucleic acid corxcent rat ions in muscle of the two 
"batches! A, 3) of Heteropneustes fossilis fed 
formul :,t,ed diets 
Batches 
of fish 
RNA, iag/100 mg DNA, iag/100 mg RNA/DNA 
B 
2104 .6 + 3 3 . 0 1 
1 7 7 5 . 6 + 4 0 . 8 
2 2 3 . 6 1 + 7 . 9 9 
2 5 3 . 3 3 + 1 6 . 9 7 
9 . 4 1 
7 . 0 1 
CHAPTER IX 
PROTEIN, ENERGY AiTD NUCLEIC ACID LEVELS IN CATFISH HETEROPNBUSTES 
POSSILIS FED FOUR COMPOUNDED DIETS 
INTRODUCTION 
The culture of air breathing catfishes is catching up 
these days. The reasons are mainly that most of these species 
are hardy, easy to rear and fast growing. In cultivating the 
predatory species the bulk of the nourishment is derived from 
the supplementary feeds. The precise formula of fish feed is 
determined not only by the nutritional requirement but the 
availability and costs of various ingredients. Heteronneustes 
fossilis is one of the most common species in freshwaters of 
India. Being carnivorous it requires a large amount of protein. 
Therefore, it is essential that feeds should contain sufficient 
quantity of products of animal origin. The efficacy of using 
slaughter house waste as feed for H. fossilis has been examined 
in the present study. 
To observe the relation between protein intake and nucleic 
acid concentrations the nutritional parameters (FCB, IGR, PER) 
were viewed in the light of the underlying biochemical changes. 
The data pertaining to biochemical composition and calorific 
value coupled with the other parameters mentioned formed the 
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b a s i s of h e a l t h e v a l u a t i o n of the f i s h and performance of t h e 
a r t i f i c i a l f e e d s . 
MATERIALS AND METHODS 
C a t f i s h He te ropneus t e s f o s s i l i s ( t o t a l l e n g t h 12-15 cm, 
body weight 9 .5-15 g) p rocured from l o c a l ponds i n A l i g a r h 
r e g i o n were brought t o t h e l a b o r a t o r y and a c c l i m a t i z e d i n g l a s s 
t a n k s f o r a per iod of 3 days dur ing which t hey were fed minced 
meat of b u f f a l o . The f i s h were then grouped randomly i n t o f o u r 
d u p l i c a t e b a t c h e s , each of 15 specimens and s u p p l i e d l i f f e r e n t 
d i e t s : A (minced mea t ) , B(minced l i v e r ) , G(minced s p l e e a ) and 
D(minced i n t e s t i n e ) . Chemical composi t ion of t h e f e e d s has been 
shown in Table I . The f eed ing t r i a l l a s t e d fo r a pe r i od of 4 
weeks, and t h e feeding r a t e was 3/2 body w e i g h t . Water was 
renewed d a i l y to remove the d e f e a c a t e d m a t e r i a l s from t h e a q u a r i a . 
The pH was 7 . 5 , d i s s o l v e d oxygen con ten t 4 .5 ppm and t e m p e r a t u r e 
ranged between 26-28 C. 
Af t e r t h e end of the feed ing p e r i o d the l e n g t h and weight 
of f i s h were recorded fo r e v a l u a t i o n of n u t r i t i o n a l pararr. t e r s , 
i n c l u d i n g Food Conversion E f f i c i e n c y , P r o t e i n E f f i c i e n c y R a t i o , 
I n s t a n t a n e o u s Growth R a t e , P e r c e n t a g e g a m i n body we igh t . 
Methods of t h e i r e v a l u a t i o n have been e l a b o r a t e d i n Chap te r s I 
and I I . F u r t h e r , f i s h were d e c a p i t a t e d and muscle sample 
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analysed for nucleic acid contents according to the methodology 
described in Chapter I. Chemical composition and energy value 
of the compounded diets and fish muscle were determined as 
outlined in Chapter II. 
RESULTS 
Resul ts per ta in ing to n u t r i t i o n a l parameters (Table I I ) 
i nd i ca t e best performance of d ie t -A in H . f o s s i l i s . The . )poimens 
supplied t h i s d i e t showed h ighes t IGR (0 .88) , percentage gain in 
body weight (30.345), PGE (33-757). Lowest growth r a t e was 
not iced in diet-D reared f i sh and values were in te rmedia te in batches 
maintained on feeds 'B ' and 'G*. Food quot ient value was h ighes t 
in D-group (8.23) followed by batches ' C (4 .635) , 'B ' (3.56) and 
'A* (2 .96) . However, greate- PER was seen in f i sh fed diet -B 
(2.035) while in 'A' where lar-^est gain in body weight was evident 
the PER was j u s t 1.9. 
Prote in seemed to play a more dominating ro l e than the 
non-prote in n u t r i e n t s . I t i s c l ea r t ha t the chemical composition 
of the muscle of H. f o s s i l i s i s influenced by the leve l of d i e t a r y 
n u t r i e n t s supplied. A high p ro te in d ie t r e s u l t e d in r i s e in the 
concentrat ion of muscle p ro te in in the f i s h . The energy l e v e l 
in muscle was, however, not influenced to any grea t ex ten t ; the 
di f ferences in the four groups of specimens was l e s s than 
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10 Kcal/lOO g. Chemical and calorific analyses of the muscle 
of the various batches of fishes have been presented in Table III. 
Nucleic acid concentrations in different batches of fish have been 
shown in Fig. 1, Table IV. RNA concentration and RNA/DNA ratio 
were concurrent with the nutritional parameters. The DNA maintained 
a reciprocal relationship with RNA. 
DISCUSSION 
Percentage of dietary protein noticeably influenced the 
growth of Heteropreustes fossilis. The batch of fish provided 
highest (18^) protein grew at faster rate than other groups of 
specimens. Data pertaining to IGR, PGE, and gains in body weight 
demonstrated the superiority of this diet ('0 • That the protein 
is indispensable for growth has keen illustrated by various authors, 
namely, Delong e_t al. (1958), Dupree and Sneed (1966), Nose and 
Aral (1972), Viola and Arieli (1982). In corollary, minimum 
protein requirement declined with growth according to Winfree 
and Stickney (1984). Gerking (1971) discerned the influence 
of feeding rate and body weight on protein metabolism of bluegill 
sunfish. According to Reinitz and Hitzel (1980) the positive 
relation between dietary protein and weight gain suggests that 
the quantity and quality of protein are important factors. A 
protein proportion of 30-36X is considered optimum for catfish 
(Lovell 1979). Carnivorous fishes are known to have a relatively 
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high metabolic rate because they deal with considerable amount 
of protein and its products. Protein catabolism increases the 
energy requirement because of the necessity of ridding the body 
of toxic nitrogenous wastes (Huet 1972). The fish obtained 
the required energy from a variety of sources; first the carbo-
hydrate is pressed into service and then fat, and when the critical 
levels of these nutrients have reached, the protein is mobilized 
for energy as a last resort. The protein requirement depends 
upon the ability of the fish to convert the dietary protein into 
its body protein. In turn, this depends upon the digestibility 
factor. Stickney and lovell (1977) have determined the digestible 
protein and digestible energy for catfish using various feedstuffs. 
The conversion of protein into fish flesh depends on the non-protein 
sources. Smith and Lovell (1973) observed increased protein 
digestibility with increasing levels of this nutrient, whereas 
Austreng and Refstie (1979) noticed that differences in digesti-
bility of protein diminished when dietaiy protein levels were 
increased. Possibly, the level of intake matters in increasing 
or decreasing the protein digestibility. The fat content of diets 
(10.2-11.4X) was within the general requirement which is 5-10% 
according to Deufel (1958 as quoted from WHO technical report 1985) 
and Gehra et_ al.. (1978 as quoted from WHO technical report 1985). 
As the difference in fat concentration was not very appreciable 
its exact influence on growth could not be worked out. Lipids 
are a source of metabolic energy and also maintain the structure 
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and i n t e g r i t y of c e l l u l a r membranes (Hoar e t a l . 1979). That 
the f a t does not influence p ro te in d i g e s t i b i l i t y has been repor ted 
by Kitamikado e_t a l . (1964a,b) , Higuera _e^  al.. (1977) and 
Limsuvan and Lovell (1984)• A high prote in- low l i p i d d i e t worked 
well on Alaska pollack and round herr ing (Min e_t ^ . 1981) and the 
p a t t e r n was s imi lar to t h a t obtained in the present case . The 
food conversion e f f i c i enc i e s oi the var ious d i e t s gave an i n d i -
cat ion of the heal th s t a t u s of the f i sh with v a r i a b l e e f f i c i ency 
of p ro te in u t i l i z a t i o n . I t was not iced t h a t d i e t containing 
h ighes t concentrat ion of pro te in and r e s u l t i n g in high growth 
r a t e did not produce an equivalent r i s e in PER. While PER i s 
determined by the percentage of d i e t a r y p ro te in , the m e t a b o l i z i -
b i l i t y of non-protein energy i s another major f a c to r which has 
to be considered (Pfeffer 1982). The decl ine in growth r a t e was 
seen to occur when the d i e t a r y p ro te in l e v e l was lowered without 
supplementation with non-prote in substaJices. Similar responses 
have been noted in rainbow t r o u t , channel c a t f i s h and s t r i p e d 
bass fed e i t h e r marginal d i e t a r y pro te in or i n s u f f i c i e n t non-
p ro te in energy (Murray e t _al. 1977, Watanabe _et a l . 1979, 
Mi l l i k in 1983). For t h i s reason the highest PER in d ie t -B 
reared specimens where the proport ion of non-pro te in n u t r i e n t s 
was h ighes t of a l l the supplied feeds i s unders tandable . Energy 
l e v e l of the d ie t was found to be yet another f ac to r t h a t d e t e r -
mined pro te in u t i l i z a t i o n . The u t i l i z a t i o n i s adverse ly affected 
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when insufficient energy is provided. This is evident from the 
results where highest growth rate was observed in fish fed most 
calorific of the diet. If r :dy mass is to "be maintained, 
absorbed dietary energy (exof^enous sources) must equal the energy 
loss for maintenance and activity. When exogenous sources exceed 
these requuirements, growth can occur from the deposition of 
matter which for the fish is largely protein. Our results 
corroborate with the findings of Fowler (1980) who observed 
weight gains in chinook salmon fry as the energy level of diet 
was raised. A high protein-high energy diet has been seen by 
Schwarz _et al. (1983) to give positive results. 
Besides influencing growth the chemical quality of the 
diet also affects the biochemical profile of body tissues. Body 
concentration of protein increased v^ i^th rise in the uptake of 
dietary protein (Gowey e_t_ al. 197?; plaice, Satia 1974, Austreng 
and Refstie 1979:rainbow trout, M; _likin 1983:striped bass). 
Nucleic acid concentrations in the fish muscle were determined 
to ascertain the short-term changes in growth rate. Increase 
in the levels of protein and RNA with a consequent decrease 
in DNA concentration, but with different magnitudes in fish fed 
different diets served to emphasize the role of diet. It is 
evidenced from the present study that there exists a positive 
correlation between protein intake and tissue concentration 
of SNA. Data published by earlier authors (Mustafa and Jafri 
1977, Mustafa and Mittal 1982a,Mustafa and Zofair 1983) elaborated 
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that the quantity of protein arising epigenetically depends on 
the nutritional value of the ]iet especially the proportion of 
protein. In the light of obsecvations made by Brachet (1955) 
that the cells of an organism richest in RITA grow and divide 
most rapidly, the results obtained in this study are not 
surprising. The growth rate is proportional to the RNA content. 
Similar views have been expressed by Herbert (1958) who studied 
the changes in protein and nucleic acid during growth. Since 
RNA organizes protein synthesis, a rise in RNA concentration 
results in production of larger amount of protein. The increase 
in the consumption of food during growth in early life is necessary 
to meet considerable metabolic demands of the growing fish (Love 
1970). Unlike protein and R?TA which are labile, the DNA maintains 
stability and its quantity in individual cells is not influenced 
by the type of diet provided to fish. Rise in RNA is not accom-
panied by an increase in DNA concentration as in a given weight 
of tissue the DNA is related to the number of cells contained 
in it (Hotchkiss 1955, Leslie 1955, Bulow 1970, Jafri and 
Mustafa 1976, Mustafa 1977a). 
According to Leslie (1955) since the DNA is mainly located 
in the nucleus and is present in constant amount in each diploid 
somatic cell, the concentration per unit weigh* will be higher 
in tissue with little cytoplasm and extracellvlar material and 
low when the proportions of cytoplasmic and of extracellular 
substances are relatively larger. Since the amount of DNA is 
constant per cell within a species, the ratio of RNA to DNA is 
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indicative of the amount of RNA per cell (Hotchkiss 1955). The 
ratio is considered a more accurate index of metabolic activity 
than RNA concentration alone inasmuch as it ia not affected by 
differences in cell number. In this study also the RNA/DNA ratio 
followed the pattern of growth rates,and in no uncertain terms 
signified the relative nutritional efficacy of the diets. 
SUMMARY 
?ish provided dietary protein as high as 18/» grew at fas te r 
ra te than other groups of specimens. While the specimens supT>lied 
diet-A (minced meat) gave best growth rate and conversion e f f i -
ciency, the lowest values of these parameters were obtained in 
f ish subsisting on diet-D ( i n t e s t i n e ) . The va-ues were i n t e r -
mediate in specimens who received minced l i v e r (batch-B) and 
minced spleen (batch-G). However, the diet c, ntaining highest 
concentration of protein and result ing in fas te r growth did not 
produce an equivalent r ise in the protein efficiency r a t i o . 
Decline in growth rate was seen to occur when the dietary 
protein level was lowered without supplementation with non-protein 
substances. Highest growth rate was recorded in f ish fed most 
ca lor i f ic die t . Insufficient energy adversely affected protein 
u t i l i z a t i on . A positive correlation existed between protein 
intake and t issue concentration of RNA. In the present study 
the RNA/DNA ra t io followed the pattern of growth rate and signif ied 
the re la t ive nut r i t ional efficacy of the d i e t s . 
Fig. 1. Concentrations of RNA(white bars) and DNA(black bars) 
in the muscle of Heteropneustes fossilis fed different 
diets. Vertical lines indicate standard error of mean. 
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TABLE - IV. N u c l e i c a c i d c o n c e n t r a t i o n s i n H e t e r o p n e u s t e s 
f o s s i l i s f e d a r t i f i c i a l d i e t s (A, B, C, D) 
D i e t s RNA, ^lg/lOO mg MA, (ig/lOO mg R N A / D N A 
A 3 1 0 . 0 3 + 2 5 . 7 1 1 2 . 8 + R.Q 2 . 7 3 
B 2 7 0 . 8 + 1 2 . 5 1 2 7 . 3 + 3 . 0 5 2 . 1 3 
C 259 .02 + 7 . 8 5 1 5 4 . 6 + 1 0 . 1 5 1 . 5 5 
D 231 .6 + 1 2 . 6 1 / 0 . 9 5 + 2 . 9 9 1 . 3 5 
CHAPTER X 
RELATIONS OP DIETARY INGREDIENTS IN POOD UTILIZATION AND 
SEQUENCE OP VARIATIONS IN NUCLEIC ACID CONCENTRATIONS MID 
GROWTH CHARACTER IN MURREL CHANNA PUNCTATUS 
INTRODUCTION 
Beyond a c e r t a i n r a n g e e x c e s s i v e p r o t e i n i n t a k e a d v e r s e l y 
a f f e c t s g r o w t h of t h e f i s h and i t s e f f i c i e n c y t o c o n v e r t f o o d 
i n t o f l e s h . T h i s s t u d y was d e s i g n e d t o e v a l u a t e t h e a c t u a l 
r e q u i r e m e n t of p r o t e i n by raurrel Channa p u n c t a t u s and t o 
v m d e r s t a n d t h e r o l e of n o n - p r o t e i n n u t r i e n t s ( f a t , c a r b o h y d r a t e ) 
i n p r o t e i n u t i l i z a t i o n and g r o w t h p r o m o t i o n . The t e s t s p e c i e s 
f o r m s a good y e a r - r o i a n d c a p t u r e f i s h e r y and i s a l s o c u l t u r e d i n 
I n d i a i n ponds and r i c e f i e l d s . The g rowing i n t e r e s t i n m u r r e l 
c u l t u r e c a l l s f o r m a t c h i n g e f f o r t s t o p r e s c r i b e a b a l a n c e d , 
a c c e p t a b l e and c o s t - e f f e c t i v e d i e t f o r t h e f i s h t o e n h a n c e t h e 
y i e l d . The u s u a l b i o c h e m i c a l p a r a m e t e r s formed t h e b a s i s of 
e x a m i n i n g t h e p e r f o r m a n c e of t h e d i e t s and t h e i r e f f i c a c y i n 
i m p r o v i n g t h e l i v i n g s t a n d a r d of t h e f i s h . 
MATERIALS AND METHODS 
F i n g e r l i n g s o f Ghanna p u n c t a t u s ( a v e r a g e body l e n g t h and 
w e i g h t 6 . 2 1 cm and 7 . 7 4 g r e s p e c t i v e l y ) were r e l e a s e d i n 
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artificially constructed ponds (3ft x 3ft x 3ft) and acclimated 
for a week. Temperature, dissolved oxygen concentration and pH 
of the water were 30-32 G, 8 ppm and 7.5, respectively. The 
specimens were grouped randomly into duplicate batches consisting 
of 60 individuals each. They were reared on a mixture of sugar-
cane roughage, wheat bran, blood meal and fish offal meal at 
the rate of 5'i of the body weight. Relative proportions of the 
ingredients supplied to batches'A'and'B' were different (Table I) 
and this resulted in differences in the chemical composition of 
the two formulated feeds (Table II). Ration size was determined 
through preliminary laboratory experiments and was commensurate 
with fish's appetite. Feeding trial lasted for 4 weeks, after 
which the specimens were taken out and measured for length and 
weight. Methods used for determining the Instantaneous Growth 
Rate, Food Conversion Efficiency and Protein Efficiency Ratio 
were the same as described in Chapter I, Food Quotient was 
computed by the formiila given in Chapter II. Procedures of 
quantitative estimations of protein, fat, carbohydrate, total 
inorganic matter (ash) and energy value have been given in 
Chapter II. RNA and DNA concentrations were determined by the 
methodology outlined in Chapter I. Fish offal meal was processed 
in a manner similar to frog offal (Chapter I). 
- I l l -
RESULTS 
R e s u l t s of t h e e f f e c t 3 of f e e d i n g a h i g h p r o t e i n d i e t t o 
Ghanna p u n c t a t u s have b e e n embodied i n T a b l e I I I . D i e t - B g a v e 
b e t t e r r e s u l t s w i t h h i g h e r IQR ( 0 . 8 7 ) , FOE ( 2 0 . 3 6 ) , p e r c e n t a g e 
g a i n i n body we igh t ( 3 5 . 6 3 ) , PER ( 0 . 8 7 ) and K ( 0 . 8 6 7 ) , w h e r e a s 
i n A - b a t c h l o w e r v a l u e s were r e c o r d e d ( lGrR:0 .85 ; F C E : 1 9 . 7 1 ; 
p e r c e n t a g e g a i n i n body w e i g h t : 3 4 . 9 8 ; P B R : 0 . 3 3 ; K : 0 . 8 0 3 ) . 
The food q u o t i e n t / a s g r e a t e r i n f i s h f e d d i e t - A ( 5 . 0 7 ) compared 
t o t h o s e s u p p l i e d 3 - d i e t ( 4 . 9 1 ) . Q u a l i t y of d i e t i n f l u e n c e d t h e 
t h e p r o x i m a t e c o m p o s i t i o r 'if^  e n e r g y c o n t e n t of t h e m u s c l e t i s s u e . 
F i s h s u p p l i e d d i e t - A c o n t a i n e d n i g h e r p e r c e n t a g e s of w a t e r , f a t 
and i n o r g a n i c m a t t e r , wherea;-3 i - g r o u p i n d i v i d u a l s showed g r e a t e r 
p r o p o r t i o n of p r o t e i n , c a r b o h y d r a t e and t o t a l c a l o r i e s i n t h e 
m u s c l e ( T a b l e I V ) . The d i f f e r e n c e s i n most of t h ; c o n s t i t u e n t s 
w e r e , howeve r , m a r g i n a l . RNA c o n c e n t r a t i o n and RNA/DNA r a t i o 
i n t h e musc l e of f i s h s u p p l i e d B - d i e t e x c e e d e d t h a t i n A - b a t c h , 
w h e r e a s t h e DNA c o n c e n t r a t i o n m a i n t a i n e d a r e c i p r o c a l r e l a t i o n 
( F i g . 1 , T a b l e V ) . 
DISCUSSION 
F e e d i n g t r i a l s d e m o n s t r a t e d t h e l i m i t a t i o n s of e x c e s s i v e 
p r o t e i n s u p p l y t o Ohanna p u n c t a t u s t o i n c r e a s e p r o d u c t i o n . D i e t - B 
w i t h l o w e r p r o p o r t i o n of p r o t e i n b u t l a r g e r c a r b o h y d r a t e p r o v e d 
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better than diet-A. Incorporation of protein far exceeding 
fish's requirement seemed to reduce growth rate, food conversion 
efficiency, instantaneous growth rate and protein efficiency 
ratio. Even while protein is vital for growth there are limits 
to the amount that a fish can convert to body material.. Only 
when the protein is actually digested and the amino acid^^absorbed 
can the protein be made available for fish tissue reparation or 
growth. Excessive protein levels in diet have been known to 
decline growth rate according to the observations of Hastings 
and Dupree (1969), Yang et^ al. (1981) and Winfree and Stickney 
(1984). Decline in growth with protein overfeeding was also 
noted in different species of juvenile shrimps (lee 1970, 
Andrews e_t al. 1972, Venkataramiah 1975, Zein-Eldin and Corliss 
1979). Forster -md Goldstein (1969) have earlier observed that 
more than 85^ of the nitrogen derived from protein catabolism 
is excreted as ammonia. There is no doubt the large scale 
formation and excretion of ammonia involves stress which is a 
setback to growth. Heplacement of unnecessary amounts of protein 
by carbohydrate lessens this stress and the nitrogen resulting 
from required protein intake is mainly saved for metabolic 
processes. This has been noted earlier by Erman (1969) on 
Gyprinus carpio and Adron et al. (1976) in cases of Pleuronectes 
platessa and Scopthalmus maximus. Garling and Wilson (1977) are 
of the view that relatively higher levels of carbohydrates can 
be formulated in the diet of Ictalurus iDunctatus in place of 
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lipid without affecting growth rate or feed conversion. According 
to Pfeffer (1982) when the dietary protein level exceeds 35^, 
its efficiency of utilization greatly der nds upon the level of 
protein energy and metabolizibility of ncn-protein energy. 
Increase in dietary carbohydrate appeared to maximize the amount 
of dietary protein utilized for growth rather than for energy 
requirement of _C. p-unctatus. Such a sparing effect has been 
demonstrated earlier (Chapters V, VI). Mathavan and Christopher 
(1983) hold that carbohydrate can be converted more or less 
efficiently at all feeding levels. However, increasing lipid 
concentration in diet does neither improve the protein utilization 
nor growth. This corroborates with the findings of Garcia _ejt al. 
(1981). Akiyama et a.1. (1981) recorded 43^ protein with 5% fat 
as optimum requirement for fish, whereas Watanabe et^  al. (1979) 
suggested 35% protein and 15-20^ fat as optimum amounts for 
rainbow trout. In the present case the diet became more cost-
effective by replacement of a part of protein by carbohydrate 
without loss in protein-sparing action. Pieper and Pfeffer 
(1980a,b) have reported similar findings on rainbow trout. 
Differences in the digestibility of foods are mainly responsible 
for degree of their usefulness for the body. The overall balance 
of the amino acids and energy in the diet influence the retention 
of protein by the body and hence governs the nitrogen equilibrium. 
In this study low protein but high energy seemed to promote growth. 
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It has already been observed that requirement of protein can 
he reduced by increasing energy levels (El-Dakour and Iharais 
1982, Eckhardt et al. 1983). Prather and Lovell (1973' have 
shovm that too high a level of protein or low level or non-
protein energy in diet resulted in decline of growth. Growth 
requires energy inputs, both as the new components of the tissue 
itself and to sustain the anabolic processes leading to the 
elaboration of the new tissue components (Cho et_ al.. 1982). 
Since the maintenance requirement is a fixed cost for the fish 
at any given temperature, the rate of energy retention and hence 
growth depend on the level of dietary energy intake. G-enerally, 
the animals in growing phase need more energy than mature indi-
viduals, and the actual intake of all the nutrients is regulated 
by the available energy level of the diet. 
The nucleic acid profiles of Qhanna punctatua were studied 
to ascertain the actual performance of different compounded diets. 
While both ENA and DNA concentrations responded to dietary altera-
tions,it was noted that increasing dietary protein level did not 
ensure increment in UNA over the whole range observed. When 
considered in the light of nutritional parameters the change 
assumes special significance. The observed rise in RNA coincided 
with increase in growth rate, PER, FCE and IG-R. DNA concentrations, 
however, remained quite stable. The slightly higher DNA concen-
tration in A-group of fishes was perhaps related to the lability 
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of cytoplasmic constituents and did not imply actual change in 
the quantity of DNA in cells. The fact that DNA is related to 
the number and not to size of cells has heen extensively demons-
trated earlier (Hotchkiss 1955, Leslie 1955, Bulow 1970, Mustafa 
and Jafri 1976, Mustafa 1977a,b, 1978; Mustafa and Shams 1982; 
Mustafa and Zofair 1983). 
Growth is accompanied by the biosynthesis of protein. If 
cells are stimulated for growth, the level of RNA increases 
(Balinsky 1981). In the same line of work Rahman (1986) reported 
close progression in the values of RNA and protein. Since RNA 
governs protein biosynthesis increase in the concentration of 
this nucleic acid invariably results in rise in protein concen-
tration. RNA controls the amino acid sequence of protein arising 
endogenously by copying the genetic patterns laid down in nuclear 
DNA. Hence, the quantity of RNA in a tissue reflects the prevai-
ling activity of protein biosynthesis.RNA/DNA ratio is, therefore, 
rightly used for assessing the growth rate. In the present study 
this ratio explicitly indicated growth promoting effect and better 
nutritional value of diet-B. 
SUMMARY 
Feeding trials demonstrated the limitations of excessive 
protein supply to fish to increase production. Murrel Qhanna 
punctatus reared on diet-A (sugarcane roughage, blood meal, 
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wheat bran and fish offal meal in the ratio 25:25:25:25, with 
58.98^ protein level) showed lower growth rate, conversion 
efficiency and protein efficiency ratio than the specimens 
supplied diet-B (sugarcane roughage, blood meal, wheat bran and 
fish offal meal in the ratio 45:45:5:5). Incorporation of 
protein far exceeding fish's requirement reduced growth rate and 
efficiency of food conversion. Increase in dietary carbohydrate 
appeared to maximize the amount of protein utilized for growth 
rather than for energy requirement of the fish. Supplementation 
of lipid in the diet neither improved protein utilization nor 
growth. 
RNA and DNA concentrations responded to dietary alterations 
but the pattern of response vis-a-vis the nature of progression 
did not remain the same over the whole range of trial. 
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TABLE - V. Nuc le ic a c i d c o n c e n t r a t i o n s in muscle of Ghanna 
punc t a tu s s u p p l i e d a r t i f i c i a l feeds (A, B) 
D i e t s MA, jag/100 mg DNA, ng/lOO mg RNA/DNA 
A 1138.09 + 22 .45 455.32 + 14 .67 2 .49 
B 1542.42 + 25 .51 373.29 + 18 .03 4 . 1 3 
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